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smmmi «d conolusions no 
LifmmmM OITS:D lu 
iiraoDtJOfioi 
Mafti" aiei«o©rpiiil.iiii hme %em tiiem t© re«|«lrt ¥lo-tia 
f@r p'Sift-li, Si# ability t© synthe@i«« tolotin M« te«®ii ititoa--
at»ttd fm trgani*®# lAleli mm »t 4«p@iii«nt m m 
m^gmms §&mmM ©f tbt' 'irttiiaitt. fh%* biotla^, Itte ©tiitr 
mtaber® @f tli© 1: flt&slii esitpXex,: feel4i as lapartaat p&*^ 
gitlos M featterial wetabolism.,. 
ffe® a«b«rf ©f this group #;f ri^miMs bav® b-tea reo^g^ 
nifti as liairltif p«eat inpert^as® largtly hmmme tfe© ab^ 
s.eaet ®f one ©r, more from tlie it$t ofttu oaBits »@Ter® 
ehaiigts ill til® physiology of the or^aisa. f&« rtoogaitioa 
of rslationships b#t*##a tlie Titmains aat ao^al attabo^ 
liia ims otttdiataaeed @a tlwoitetion #f tlit n&nntr 
in whiob iritMlii ferfortts • Its tullti* Ifetil tbe 
speeifio o.b«ai®al fimctloa it 4its»la«i, li©*®t'©r, teowl^'-
itf® of tk# vitaain is :lBO©«pl0t«. 
Jt w&i tarly that a»«t aet as 
o«talyst« 0i»s# only aintttf aaowitf *®r« to protm# 
§ftmts m tile playgiolo^^ of m snitmbls orfanii®, laay of 
til# B vitaaing tef# b#f« sfeowfi to e&talyEt atfiait# bio--
logieal r®metioRs* fii© first actual proof that a S vitA«la 
ms ma iiittpmi. part of m rtaotiom oaa# iii ISSS 
wh#ft a eoapoftfnt of tti# «f«ll@w Miya®* mi identified a« 
riboflaTia* Otiitr fltaalat Mm hwm latatififd as fart« 
&t euiirae aad %M mmtfmm itrtirti twm thiattin, 
ai0Otifii,0 a®id,. aad pyridojeiii®, m wll as rll>©flafija| 
haf'e fe-t-ta itelatM tfetlr (thmiml 4«tfp» 
ttljaed. Ideatiflcation #f other @oen«y«®s laTOl-rlBg 
paatotfefjai© sew aaa latsltel it mt m ©eaplett Mt 
ilBllar rtlali^atlilpf &m 
Mi&tln toa.s %«« &i.sa©latea with §«?«»! a®l«» 
eslee a©?® e@Mpl« ttoE ^lotia ifstlf.. It smmB proMbIt 
that 00®'@r' a©r@ ®f liisit taaplgic#® wm fe® mmzfmBB tm 
mo » pm&tlmB, Cfe tlit ©t&tr liaa4, it It i>os-
sil^le that biotitt as iwh «sr fmQtion itt mwtm'in r&m» 
tioiils, 
Biotla lias %mn r«p-0,rt-«4 %$• b® inT©iv$A ia ptaetioii# 
iuTolf tag th« trmsfm ©f ^afboa The ptii*p©it &f 
Ihii iBTffitltatiea iis® t@ st^aj a i»#latl©»ihlp| tlit 
-ppi«ayy #,oasi4«3mtt©:ii btinf tli« reiatioMlilp ©f biot^iii t& 
the #f ©arben di^idg int© ©salatftie aeid. 
isifoaim, 
Biotln 
fli« tf %|0tl.n a, «®apdmi aat 
tpmtfimllf m & r®pr®i«iit#d th« f«airtrf«a®# ®f 
tlilff® lsd«p«tt4«3-t liaw ®f iwegtigatlos. & »®6li ©ai®,, a 
g«a*^^li wi lining sat® f&T m attlv® 
l?®«pon8ible f®j» a certain efftit. The reeponslble faettr 
ms proved eatfe tiii# t» be bio tin; the various invegflpttori 
mm aertli- witli. different mmltmt&tXm9 of the 
gas# ehtmioal tiititr. 
filiitri reoognix«€ to IfGl that ftsil rt^wirtd 'th® 
pr«s«a## ©f a oertain tmtm %A tfe# growth ffitdliw aad pro* 
fotfd the »«a® %i@«* for tlii* ii#« wmt later 
fottfit t© consist of several fraotionsi ©a® ©f whtofe was 
further investigattd by Kogl (1936) who isolated fr©» fgg 
yolk aiio«t« of A erystallia® smbstfcno# po.«»»»slaf 
growth for I%1 and fonnii (1036) pr#ita|#i 
a i«%ail#t of ma Isolation W i^ioii 1.1 
aillifr««s @f ©rritallia® »&t«riRl ir»rt oblate-td fro* ^0 
kilogrsiii @f iri^ ®fi roik and oallt# tht »a-t«rlal biotim. 
fills aotivf priiioipl# w« furthtr- bi- Sifl (li'3f-' 
li^l who foiiat that tht orystals w«r« tlis H'tthfl *st#r #f 
biotin. lofl assifBed to the oompoand ih® @apiri«s*l forwla 
OllHls-OgigS. 
A ie$#aa problem involved a grdwils fatter fm Uto# 
srsbiatl© nitrogen fixing genu#, whiQk Alli&m,. 
^>9 -fliSS) ftwit pmmnt .Infariew aonroes .aut 
®@taiime R ijetaiift tf |ti rtiflratioii-preaottog prop#rtl#s. 
0« th§ l»iii $f ioaparistas ®f @rttd« mm-mtmtm West »M 
llliom (1939) gwggeeted 1i»t eosiisyiit 1 biotin w&m th# 
eompound. Further that tli« %m *®j?f id@»tieal 
wsf. fomt irh«a Slw, i'Mweai that a saapl© 
of I%l*i Motin poseeased coenafwt M Activity, 
lavtstigatiou m a thiri Iraiieh of the felotla profit® 
pr©.iitedti luttpendently in other Ift^or^tories. i@as (192?) 
d#t©rito«d the iffie-ti produced $M rati f#€ m & ti«t Iftcltid-*-
iflg Imrgf uniount:® 0f tri«€ #fg iihltti Isfis of :hair, dsraatltis* 
fklB he»0rrh®g«| lois #f *®lght^ njastieity., and flitsiljr 
d®&th reittttti*. It mt ifoa rssogatstd tl»t mmj tmM 
taSJUfd a faotor whl«h ©ottld ©art tr prevwt theit tyaptoas 
©f *®gg whit# iajmrf*. tr^rgr Itt liSl Baaed thi« faetor 
vitMlfi I Mtattst ®f tfe# «.i«il&ritr of I*® a^tiom to that ©f 
vitaaiBs loiowii m% tht t.iat* fh« po«iibl« idtutity of ritmim 
1 with teiotia wd U me first ttiggtstM toy iforfj,. 
M-elvlXli, Btirk,. mud Aa figamuA (1940) sad more fimli- tstaV-
Ilihtd hf witmiB S Aitmrs «f « imaflt &f Kogl*s ©ryitalliii® 
toiotia. ©#iidtt#t«t 'hf dm figmm&f Cli4Q). fiasl 
eonfiraatioB wag aff©M«4 W the fey 
Rose, lofaaiift, Htl-rllX®! «t flgatsmd'(1940) '©f tbe toigk 
vitaate'l aeliftty of pmr® .laeth^rl' ©stti?' i«:tX&ted 
fi*oa llrm mmentmtm Ita fi^ieamd, j|. &|s» 'li4XK 
0fe#»i@aX Piptperti&i ®f BistXa 
fbs aetena,iiiatlon of the struotwr# #f bietla proeeeAtd 
la til# lAfeemtoplw '©f M 'fl^.ta«4 m& #f ESgl,, ani flaaX 
«Xm0l€atio» wi flpit prmmtei. M Vigntatmd iXM2)* fh9 
TttMla mi f©w4 t# 'fe# a a#a®0a3PboXflic atia wltli t*0 
.rliigi,' til® mM fe#iag mXspl© a@M, ant tM# rlafi d«3?liratlT®« 
Qf iialiszislt ant tMtopfetm®. fM® stintdtmipe Is 
laiTlii fXt43-i944) #Malned tb© i*it«l8 iyntbetl-
^aXli' sttd g9«4 agr®«#a.t, with Talm«s dttfiPfflliied 
•&t tht .a&twaX tQ«p©iaat. 
ilotio. Is a '©©iQirltsg, f©Xid &e4 ©rf@tal» 
fi»@ii w&tm m a.t#d.X®fi, ,lt Is iparlufXsr 
s®XmbX« In mtsri r^tllr isXwMe la teasl© g®ltitl©iis dti# t# 
Its ea.rtooxfl m& lufQliilsl® In ©rtluayr wgaiiii sol-' 
f ©liti i«h m oli3.©3?©f@»g. tlktr,- w p«ti?©l®wi' etto«r. ftot 
mmpmM atXti at gS>»2S®'0« Bletlii !• r«4l1lf diaXy^iil}!® 
In the frm tmm ant tatlly absorbed ©n ©iai^oalt 
ft® iritamlii !• stmblt, and dw flf** 
•ii®amd Cli41) foimd it t# bt 4»aetlvat«d hf BO p«i? 
hrdro0iiloi*le aoid ©nXf After l«ag ptrlQdi of ti»« and hf 
X i petasfiinn bydroxldt tf toewi at 120^0, It is 
d«fti?®:rtd br strmg ©xidisiitg ag«att siiili m pfTOxid® ©i» 
nitmm wld,. bit niaffwttd by ao«trXati©n,: aXfejlatlQn ©r 
0ai*b©ii|'l .r#&f@Rtf» te«X.i*ed «d mfrnmn {X9&0) 
d#®o«iti»atfd timt liydFtetttrl^ ai@id ba# a mm d®iti»ti®tlTt 
mtim m -biotXa tfaaw fOTtyly b#Xli?fd*. SaXfwri® aeidi^ 
bewff^#!?, «Jiib|ts a© &dv.»F8t #ff«st on tb« ^itawla, fh® 
dfitraetlea ©f blotlH by i*miitid futi and fat« tritb a bigh 
p«r@xld$ Rw&hm? m§ rtpopttd by PaTtife and SbiiXX CX94i) who-
fo'Wid tbat th« p«r# ritmiM m§ al»0«t ©sapXeteXy laaetifattd 
la Xg bottrt* fh® iiiailtvatlott apptar# t® bt an ©xidatlo-n 
of tbi $nXtwp TOi#ty to snXfoxldt* 
fli« sf blatlii has b#«R adiqwIeXy ©wtred 
in rt?ltw®^br Di*tta«X and Hubei»t CXi.38)^ mfmm (X®4S), aad 
MiXfiXXe Cli-443., aad wlXX tbtfifeye not bf dts«iflb®d In 
fflert dftaiX. 
Itta'bollio @f liottn 
Si0li» i»i- fe##a fomnd t# fe# #:i«es.tiai t^T mrimm 
l©w®i» ©sJ-gaiiiiffii, loolwdiag "bs#t«3riS|- y««tS| a@3.Aa| attd 
Many species which in. not i»©g»i3P« &b WE#ftft©a» 
•iipply of %l.©tia f©.r .irewtfe Mw* %««» ektmt, 
if la. Tapyiiig asomts* itoy ins est® amt a.a.'lfflsl.f ,> 
iwM as oMota, aonkfyi.,: gtt.lB®a 
•pig«i 4©ft| ast Hiwftfts i»f« "&##» i.li#w t# the Titm--
«.|tt fm optiraija grswtfa# 
ftffltmtly @-f m &irlla»4s©ii8 
occur in rati m a diet Mmlm thm lietia si*# 
in clossly related #ff.#6t.:s .is. &i#.tr 4iii* 
®&1®» Syttiiitrl0&@rt si, (1942) pr^-tettt aa 
bio tin aefioienoy in human irolunteers by «sim'laia..lng tlii» 
m & il#t la wMch about SO pm ©tat tht ©alorief 
wtr© .0tippll#4 at ttsioeatfd whitt* 
iormally a blotin defi0ii!ii#y €©#« mt mmr $M aniitalf 
b®©tms# the tyathesii #f biotitt by »..i®.r#of• in tht 
digeitife tract provides the animal with a stiffioieat tiip» 
ply^ fli« dAfl bi «xp@rl»ejitally by 
iiaelMAiag in th« Altt bftiltfltit&fie m§mt§ emh a# 
9liiylsmlf.iitliift.i#l# ©F fmlfafmnftitta# ,|Sl*©.k,,. fi|. li4t| 
and If4i) whUh wt ag&liist 
inttstiamX inbtliitlJig the synthesis 
Metin.* "Mm «gg 'wtiitt may l# f'fiA t© tM aa.iaaX to 
py@att0# tfe® t®fi0i«siy. fxiiti in ®gf whilt a pro* 
t#ia whlsb ®«lii»ti with fei«t.iii -rsaAtriftg the Titasia 
muavailmliX#* fMi mtlm mMatitu®n% li mMlm ast m§ 
iiolatf<l as4 fey Mkim, ^ §3^ Cii40*X941) 
fey ir<i©Xl#y m&. lisagswrtl CXi4E)t I@rtE Cl®4®| pW9^ 
$m%6& & thorough review @f tht avidin^iaiotia ®tapX«. 
All $f th« ©ptiially aetifs «Mifi«sati®ii» 
•#orr®gp0n,iiiig to thi struottjr® ®f feietia Issft syath^.' 
iizet. All art tiiintiaXXy iRastifs bioXogiealXy em-m^ 
o»1>l©lim i?lii@li, •pfis«fst» th® »»• •mtiwitf m mtw?Al 
fei©tiii,, IdgX Mt tin i*» CXt43) ©©iiftlttdtt that tw® is®®«ri« 
f©»i «ist in oirniiimiR is©l&t«fi fr©tt igf yoXk ant 
/^•biotia iitlatft fmm Xiftr, '.iftiiy iijf«itl@at#ri ^  hsww#!*, 
haft tisp«t«d Kiii'*s eoaeltttlttt. aat Ftttwii' 
Cli48a}, m. tht Miis of with swtral 
ip«siti ©f Met-tria, solas, aad y©«its.|^ ototaiJi.#i. f*id@iiot 
that th« 'tw® f@»i art Idinttiai., 
fiXli»S| St.. CXiiO) ,wi«¥i4 thf ,pr©pii*ti#« ©.f 
aaay l>i#logi©alXy mttif-i aat inhibitory anaXt-fiiti 
tin., ©xyliietiap th« mfgm. a.iial»gtt« ©f feittto, a»t dts* 
thiotei©tto^P in ^ieh th® trnXfii*- Atm. ii rtawtd tmm th» 
ring, ^ppmr to t© pepXae® 
teletlii la tkt gi?«at©st siiitttotr tf -©asss, ®ff«et ©f d®s»' 
appwt ts bt ttomt s pftewf.#!?,. Bitlift®!', .ft 
al.> 11044) tbat itsflil^feletlii wsi e0ttT@i»t®a t® 
tolotia ia tfe® e«g» #f imQeMrtaye-ftg fegggyisi&.t. fh& «¥i-
a-eii©« iis«l«€0t til® tiias^pearanoe of aesthiobiot,Sji fr« the 
attitis and ». @o»fsp9aai».f ia^rtsft in the mmm^-
tratloii. #f feist la tii,'t^® cells, Otl®r aii»l©gm#s Mt 
atiir®i pmmm feietia mtiwttf ia a .fw 
ai»t bidtia metiifl «et«, ,Bttlfent|. M©tia talfexM#, 
snd ttoi 4iaalR0 stlds tMaiaed m liytrelyfis. ef bistliip 
exyl>l4>tia,^' mS.^ 4«itMdM0%is. 
acia %-ppmm t® %e iavelftd is tli© bieiyatiiesis 
of biotla siit-emii^ tfe#i»«f©r#, Ittt a®gtlii©b4©tiii, stibititmtt 
f©-i» eerlatu It w&a Wlgamud, 
-(iMB) that tb# diphtheria fes®llllti#| for wblefa pimells 
&^idm§ mMMi&wmd iistntlal, «©ttM gi*6w in tfa# alstitt#' 
tills aeit^ preiriaea biotin w&§ to tfe# »@titti» Fiaelie 
aoid 6o-«ia ii#t r^iaet biotia ^ms$, li©w©f@r. 'fekia aa4 
Eakin CIMS) ili@w®d ttet p-i«®li$ ml4 In tlit «®ai« itt#f»tasea 
the bio t is- content tf .4eg.#i'giiim8 gSgSS* fatti® |1$4S)- a@t#d 
&a in t®gttii§bi&tiii ^m^mtrntim the mMAitim 
of pim@u& mm t© cuitwti of E«4a,UI.,l« ateaagf * ^J^i® 
4mm$tmtim mg$0Bts4 that 4sstlii©bi®tia !« a aoiml iatei*--
!i,®4iate in tfc# gyatbesii ®f biotiis frm pi®®lit mid bf tiaii 
iBold ajiA flit frittfief Iii4i0al©« 
•Hmt platli# aoM .f#i?Tts m prmmmr tf Ijiotin with "Wat 
Xatter btisg 'fey way' of Otiiti* 
posfiWe latifwitlsts® hm9 m% hma d^twrnlmd^ fke 
of an 'Orgsftii® to utiHss tlitst ©f l5lo%la womld 
a«p®ad mptii tli# pirtitn©#. @f tte® mmmt «'spati t© mrry om 
th@ Tarlowi -ftip-i in «o.ii¥«f»il«ii, of ©Hi 0#tip®ma t© 
mother* 
Sttadi#i -Ife.® &t M^etta is 
mttabollstt buf't l«en QOR©»mta with two i*®» 
latloaiiiipi, pirns®' ©f wmk M$ dealt with the 
mmt 0f hiotlft In eai^hea .ai©3Eiie f|j»tiO'»| m §e0md lim ©f 
liiT«8tlgatl©Ki iMii h§m thf i©aatttl«ii httnt^tn oltl® aeld .and 
hlotlE* Itt a€<ll'tl®E| tham Mm hstii » ntashtJ? ©f ether 
reported fW'©ti©iif f&r Motta, hmt lltti# iii-rtstlgatlott hat 
to@«n ttBd«i»tak«ii oonetralag tht®e p©igihlt roles,. 
a,i,gii#,t 
11941) ft«ds.«d tht i'fff^t ®f hl©tiii m wmlmn pirns m ©f 
fmst p»®wlh a»d a®tiih©ll.w, Xtast gipowi at low hietia 
lt?«li posstsi'sd i»wplr'atl@a and mtBB i»hl©h 
w©r« mlf ©»t^twtati#th ©f mwml.* AMitim of hi©tl» t© 
'th®a® d«fl.0liEt ©'®lli ©sttiid f;«E»fli«iitati©a »tt« t© 3pi«« 
imi@dlattlyi, rtipli?atio» t© l,i«i»®as« aft®y eat h©«ri and 
growth e©«lA aptti afttr %w§ tors* In #j?der 
tMt th®i© immmm mm t# eteW;* a i*«i.tilr awllalsl® 
iouTOe ®f asmeaia belag the toist 
s@tti*0s,, Wiftzler,: 111944) alse itowtt ttot biotlii 
•aptakf m* ia ttet a^ttae# ©f gltssoi# or phm» 
phat#., fht mntMrs that fei©tlii mm QmQ@m&&. 
with the spitlatili of mitmgmmB aatirial wblefe ma ulti­
mately ©y@li®ly e©aii.e<itt€ with %h^ setsfe^llsm of gluoea®,. 
m that bio tin .ai#Jt ftaetiea as a gtneml mempsiB of 
@apfe©B tl&xli© ti»&asf0r {l«r& &M 1043) • 
Pilp»lffip ilM2) feiiftd that %M r&t® of ©xidation 
©f pyiwle «eid m« dte^reaitd ia llfea* slioti fwm toiatia^' 
d©fial«tit »ti« fh«y §0:fisidsi*@d thii to b® ladiraet erldtao© 
that "blotiii la a ^seapeRmt ef s ijft« involved iia pyrwie 
a@id S0tm"fe©lii»,, or el®sely «.©ii.ii«.et®d with its fQm&tim, 
Siiailai? .rtstiitf *trt ^ ©MaliiM W Saaae^son, ^  C1944) 
who foimd that the .addition #f blotin to Wotln-dsfieitnt 
•fat tisitt# ^tipii-ing la th# of laatl® ©r pfrmU 
aoid 0aws®d. a ris# in mygm ©oasmwptloa. and a stFiklBg 
©hang© in th© Talms <5f the rtaplrsteiT ^ weti-niit, 
I#8«yp. jgl, (IMg) foaad that aspartt« at id pai»tiall3r 
swtoftitttted' tm thf grewth-ftlfflJilatiai efftot of hiotin in 
th® nntrltim @f tht ytaet, isMS. aWSdA» ©aifaioa 
©f biotia .regttlttA ia ». pyiiaew§#d delay ©f ^©wth of th® 
y^tast in an aameniiiM pho-sphati-^meoat^inepgaalt «alts 
fsAw th&m #oft41tioas, afpartl# aoid, 
ia plm®# sf Mttitt btti i» *iii Xarfir imomti m 
Alitlatt of- @f©wlii t# a|5pi?©xl»t«l3r 
twc>*tliij»tf ffcat obtaiaet *lien bio tin mi imppllet, Hi® 
matiiei'f. tliat ai,#it b# trnteratt with th« 
fonaatlon ©f atpArtio acid ©f ti».t tfet .amiii# *ai sspa* 
bit,, t© Si liBitftd of pefforaing a fwttion @f biolia. 
.sM,At. Cit-ifl %im% 
blot in i« imQlrB& i». Ito# gynthtsii tf agpartio aeid by 
iiiitfwgwlfBi^ iietlE m§ fdwd 
fm aipa^tia a®id im tlii of .,!#<?,.SSMilSSiBr 
SSISMS# @3?iaai.iW» It wtts fottn^^ 
hewer#!*,, that ,bi©tta ms retiiirii tm ««|*belif 
fh®a lh@is ©oncerned with tbt synthesis #f 
m.§id,^ th®w#i ttii lafltr »•«•€ *« than fiat f'ei* 
th® ©tiitr function oi» ftinotions. Resting $#1| mfp«nii©iii 
h" fowM aspartlo a® id bi* t|^i§mi ^tfiuita»iiia» 
ti©a t#totions, but did not rii|ttiPt far 'thti® rm%** 
tolacetio aoid was found t© partially rtpl,a^f 
bi^tin la the ^m%h ©f i.#r#r®i ©^.iaiiiia* m bi©tin»d«fi«i«»t 
a«dia| hinting tto.t bio tin ml$M b# inv©if«d In f«i:i?»ati©n 
@»la©etio acid, 
Btrmtm&X. bistin. *®r« fomd mmMmmt 
til© %i©tin 9tfmt* m temmt&tlm m& ^grwtli ®,f ytatt, biit 
iia a#t infeiblt tilt itiffittlat^Ff aipmrti®' a0id» 
—1,3— 
ts 
Axelrod, mA Itfataan .(1148) prefoiit tlat 
aa&l.@ga«« «®3?t %k9lm iiilil%ii@i'r m snt trn^ 
mm%&%%m lli® ^i©g^%liegii tf m fii«|»tl0®lly 
rn^tim 0©Mi^lfx tPm biottn* »f tk® fiisttieni- ©f tlili 
^©spltiE i»|r fe« ft lto« «y-atb«:iii of a8|>at»tl.§ ail4» 
Si, |i&4f) the that thf 
© f f ' i f l  & f  l l e t S j a  a i p a r t i ®  a e i i  m f  I s #  » x t r l # a  
•m thi fixstlftu ut ©&ffe®fi dMxM# lit® ©mlaiilif a®id whloh 
iowia %hm te« g0ii?-®i»l#t t@ Ifet «ls@ s©id t3mii«®aiiiati©R, 
fti#f f©m€ tlMit tlislti a© wmwmm ia a ,l«w 
tiitisa «f aipsrtli Hi Ite# frowth ©f ||. 
fea* tliiil grtallr «» ^grtwIJi 
iit tfee prii'®asi tf ^lotla, 
"Ctetoa,^, 1^^ Cliff I rtpoxiied an iu liT©ip 
ertftlyi## tke ©f mail© asM te 
pyiwi# a©M ast uarTson alexia© ana sm®tstt4 ttet tMe m%fm9 
aXsO' #at&lfga.» th« ©f m@ia I© 
pyimvi® •»#M and oarboa fh9 farted 
geiltd th% p®sflMlilJ3r tl»* m%^% It iuTolv®a l4i th« 
il-atMiifi #f atlfii hf mithm ai<i3eia« flmllea. 
,I4 Ai. Clii®) fsrtiaXl-jr pwtfl^t irm • 
agafeiiiQ.a,tifl m mtym^ -ilailsip $© ftitna la tmMf lifm, 
fhit tftxyat t©©ti%#3islftttA »&lie atlA mplilf,. %n% mn a«* 
••iFsai«a in f tlli l0if 'la Eta#'liiratlo» ©f tfa# irf6« 
toy bi©tin wt« glow, fkm ttet tolotin ,l« »©% 
Irrrolftt in tb# : tsttt that %h% Titamin 
mmf M part sf' &• .iyst®® sfwthmlMMg the 
0a the toasis ©f mlues obtainei3 i/lth their Inhibition 
analrslff involving ittidi@s- to ©©apfttitioa fm' 
mmfm if if tat bf blot in and various Sliiir® .«a,4 
ft©fti*s (IM*?) that bio tin api3e»®t"t'@ bt l» 
•Iha bi©ijut-l3#ils sf' aeid fro® oxfelsaeeiiii® 
&014 m i» to 0si?bo:^latl0n tf pyrwi®-s©M'f© fera 
oxmlft##'t|® Mit-. 
'Liehsttln &ai •CX©49a) fo»d that by h©lt,inf 
telle lasfeigiefcia @©11. at pf 4»© in ,iio»al fhnsphmtt 
bufftff f#t» taifietts Itaftlii &f ttoi ffetli* ability t® p-rci4ti@« 
QMrhm dioxiae from- mMlmw%i& «it is a©0r®ms«t. Biis 
afttfiti* if mpm tb# at4ilii®ii ®f Si« Msmw 
#t4a«latl©a bf bistln «« obtalnea ^Ith *11® mM m %h9 
inbitmt©, Whm Isfg© ^ttantitles ef oyanlde wtr-e pFtsdit 
to biat ae bi©tlii tff»t mm 
jfiotieeft, 5il@ iiigg?st®a ttmt ^«a oz&laoetio aoi& mi not 
aecarbeieylattd, • bi^tln ms m&t Iti-iii »asll 
tf eyanit® w®re ittett pswltting tht desafbQxi-lsiiQft -sf 
oxala^ftl® acid but l&fgely inhibiting the 4»t'tfflf©«it,|©a ®f' 
py«iriii auMi • th# af bistltt f©mla •Aptia b« nstti* to 
th® basis of th$s« %k& awthoips ##aela4t€ fbi.t tb« 
«it® ©f th© mtim of bi@%"ltt mi tfea'ipb©^l«s@, 
with biotm fiinotl»|»f |« til# ,f0» 0f a mmMymm 
mai: SlTeiiJt® C1948),, «ttti|riag 'tfet rtlatloBifeip 
tf liottft m ik»pai»t|«. TOlt *tti ©Isit m&M, f«»a ttet tl# 
tw« aolds in ooabination ootild completely replace blotin |ja 
the of y ^^a§iia,.i>. hut vkm «itlitr s«id nai 
sitta ©air p«*t:ial. %®®fe pi&st* flis 
Motln requirement for aspartio aold sfiitheels, hOMt&ter, 
wm f©w4 I# lit at %tJi tiaes: p»ts$ as ttet tW' tfct® 
©tfet*» fanotions of biotln. M pM S#ft OJ;* "below biotln ®®«1A 
no eamst agpartlo «oid ayothtsls, probably tomamt® ©f 
l#w t«rb@» ti03Eii» altbottgh px #taget in, tfei« rmafi 
did mt mtimi %k§ oleic aeld»r#pls#laf sttiirlty tf biotin». 
Om tb# ba»iS' &i tit# ti'ta t@ eitia* 
l,j«« til# /J?»»wboacylatlon «f pyrwlo seit^ ft l#»t |b« 
byp©thesis tbat biotln might function m m general 
disxii# ^ m&r other blolofiial th# at*^  
dititB M @a« ciarboR atoa wm« iiotia mt 
I# b« lair«lir#i to th# #e»w#,i©ii. ®f mthimnlXit. »lt 
t© indelt m t&t formation of phenylal&alft#^ 
AS,®sii« asd /5*fh«nylethyla®in#* 
la li4S m$», w#f»® t©- ttit 
th& mode e# action &f biotln iMm Qtson, ^ 
C3.i4Si tilt ulili^ation #f fyrafis &«1A and ©th«i* 
««iibtjrs &t th® tricarbozyllo acid cycle by heart mtasolt fmm 
nora&l and blot in-deficient duoks. The authors hypothtslsiM 
tii&t i# twm%Mm l» th# pywnri© 
.16-
«xal»06tic acid, tiif utilization tf ffe® •wmlms 
»%mMm efcditlt fe© t«pr®«»wi i» l3i#tiB^€tf$^l©iit 
•Qrnfgm i#aitiffiptlon. ms found to "fet .ill tlit pi?«««©® 
Qf hmrt auscle Im ia feiotla wfeta the «.t 
lisiiig pfFwit fr -iittsittl® atitj, aM a ilfuifisaat ialiifeitita 
$f .erolwtion @# dioxide f»» itioclnle aeld i»i 
#trT®4 miiP tb«i# It ms fm,®f.g-t.ei 'tim.! all 
refiilti ffliffe't h% 0Oi»n®0ted *ltli /<?*0a3?l#3^1asf 
&e!t.lvltjr. 
,|^ lltitl a««t t# t&# m%&m©e tbat biotia 
fwi@H®ii8 m m in 3?«asti®a Itf 
eai»i»yiiig a .a-aali.^ «f ®si?'ls©ii 
Si ® C«n.« .«f .gp®w ta tls« pi»ts..ta.«s# 
Of optimw mounts of biotin *wt mtelf t» fix him^ 
h&mM la t&s ist© 'etlMa# ^i.pai»ti® aeiA. f&.« 
grom « a »«tiw tw i» biotin the selle mm naab^.# I© 
i®0©'f|jor»t®. "tat# tfc» Mt^ia# a#ia.| a €#fiei.««r 
whioli mnM fe« %y .Aftaini feiotin. te tine vitMls-. 
tefieieat »*elt©€ ana ItaFtr (104t| .siailar 
wiffc mai .^ats.» ftae 
i»tW|>#r.it#ii.®Al |iiJ«etiott tf •iodiwa %i«.mrtonat# ^eotalniaf 
mr%m^ ia, » l..i*g#r tM 
ai®iilftei .gmnlae^, arginitt-Si, agpartie a©.i€| #lti»ia aeid Mt 
toont .0®rMa&t« tf fli# mntmt animal m # ospai»#t with tto« 
fcl@tiii*4«fi©i»Et .s»l»al.,. 
^ Cl§4i) fjNifiA Ih&t eiti^llln# iptthifli 
fp%m irattkisf ly tel©-|.|ii»€i#:tf isat m% IPrm mM 
f»»et toy the tsatriiX, fh# 
sitltittt, #f rtst€«« &f .a©iml. »t ll-rtr km^gmmtm^ 
tto 2.:W »tt tf iyattatsl#. 
|«otion tf biotin into itos animal Wought th® mtWltf hmk 
I# BQmmi irtthin B4 Mmm* ^i&tmy detlQim^im @f rife#* 
flairiin ©r vltsaia Ig ftiA .»©% mttrnt th® »%# mf ©Itaeidlia® 
iyntheiig,. 
•§»3mm MmM9 1« tet© argiitia# »s tfe® 
ttstfLl conversion of ornithin® tt citriillin© i» %h& Iffbs* 
«r®a oysl#,. II •$hum 
fXtttaate aoia than gltttami© m:M. if thB- tetiwttiat® 
la ©itrulline synthesis fro® ornithin#. feldott Hilt l^rdy 
IlifX) «li©wtt tMt mt9 ©f ia th« 
pr#i«t® «f ©arbaisyl gXtttaiaie &@i4 I# %h« ia»i #©r titlier 
m ii«»l tt «,ppma?& - that Metia 
@1141#M oonversion of gX-utasio &oid I® 
gX«t&®i@ aii€| the influence of biotin is & il«p t® 
wtetre osr%»»yl ta tfc® i@airerfii©ii #f 
ornithine t# oitruXXine. 
©ft the la«i® #f th#s« ijtrSy mat his 
have suggested thst biotin n&i* tit required as & ooera.g^« la, 
i©v«ral s^nsymatio mmtlms iiivolvi»g th# fixfitti^a 
®f §miim Aisieit®, ti» tt i« ••iswt.SaX t%r tli# f#riiati©ii 
.li­
ef a iiiiglt «|.©iia« precursop *hisli tomlt l»t 
iaf© $mU m .trgtalBi, mpw,rtim its it, iitiri# mM, 
and %h$ 
lalttftfeaoh and CltSl) tttwalsed tli® sjptlmw 
mmUiem f«r-fimtieii'©f svMii aisxifti ials 
&#ld hf extfattf ©f attttii. aat S» Mil. 
mtttbow mm titst»la#i tit# efttaum mmrn^t if liletlii: ii#s«s-
sftry for mxlimm f^wmmtion of o»iso@tls 
Broqulst «.t Snell (1951) found tMt mmj of tMe 
lasti® mM trpiftlsus tmt gr-wtfa ia t&@ 
mmm &t aiparti© s@lA, ©ypultis® m 
.litilHito .Mmw r«fmti*t til® fa®-# »mQm% 
ef^ b-ittia ill' tlae prcitne® as m %M &%#»§§ «f ^atpartlo 
a:@l4, %a th«s« organistts bio tin |:i net 
im sspsrtlf mM, tfmtkmis slnm tM rnmmt ©f tto« a«to® a$id 
f©«®t Ig %hm tsae «r ast t&t TitMta £« 
fcaXl sBtiaiti Motto ftre» fcewtvtr# 'AmmMmf t# satisfy 
^th^T BttEbollc functions, 
ffe® posiifeility tfcA'l "bteflR migfit %» tsttriag imt© 
^S.©l©fi@&l ®:Rf%®a tr&ii^fs^rlGg ®#©ha«igas tWmgk 
®.ii-felteraat# opening gat closing of the tireido riag ffftsu 
wm tiWMt 'by W&'k *»€ iims}* 9tte 
tlitsig •m9 ttftiS %!• MelTlllc, jgjt (1940) by culturing 
«.gateiit:6.:gM« ia the presence of re.dioactite blot in l«b«l®a 
with ia ihM fet©*. io 
©f til® rmultM, lati^ating m r^iLw^«t 
®f ttet @f 'tit# imtitfeiotin. fh# ttet 
tta® atftfeinlsiB does not iivolve a tmmfm tfe:« wtlto 
tarbonyl group of the biotln molecule* 
lalatMB.. iQ ,.Agi®.. .&Qid. m. mtmrntim mlmtl^nshl-p 
lis« d@"reloped #«eernlng biotln «t fw^iswi att.iatmra.t^ 
Mttf mM6^ |s»iyi»t,l®«it.arlr #l.ett MiA# w^rkitif m th« 
der#l.«p*tiit #f a aieroblol®gi®ai aB«a.r «&tho4, im biotla ia 
ri@# p^dtuits Wllllaitts and Fleger Cli4S,) noted stimulation 
@f p-twm f@r aassS. mm btii,»f«d m« 
««© to llpoldal substances in tfet .l*ioe p&Iiili, sat 
'fdittt |.l»t «X«it »tit €.ai.»ei aat 
ihn-t th# m§mlm oould be maintained on m mnmtimllf 
bi©ti®»ff«#t »©diu® frovided that oleic tr elaidic atM 'im» 
iiM®t t® th» «»ii«w» Mm #f bi®t,la iwm. #l«i# a@id 
somia b« demonstrated^ tM%m studies C*i3.11»g aad, f^itfw,^ 
Ii4f*li4S| alifwtd t^t bittia s©tiTit,|' tf fist -foiifh lipids 
would not substitute for biotin in tfet amfritioii of |li« 
@hiok and that oleic aeld m§ sltfiiflf tt ms&l 
•rtitiltittf ia a Mg piriod before stiMlatloa fh@ 
Isf was completely oreroome bf the addition of boTia# 
alb»i», to th« medium. 
Itanwhile Williams, li Si.-# Itf47) carried out fwllitiP 
ttttditt ooaoeriiiiig oXei® aoid-biotiu r®latl0iiihips to lAotio 
asld bfti^'ter'ia# .«i.id and ©lottly r®latid 
0o®p#«na®, wtottt ittppllat ia am*toxic fo» &« imtir^ 
•dlttblt wmM partially replae# toiette, 
giathors ttiiiluded ftet biotin catalyses the synthtiii 
oleic aeid, 
biotin m§. various fatty aolds has aocmulated. Mtlret, 
<i| isolstfti'm fms0#»iQ fraotioa frm b.«@f 
tallow whloh J&ad biotin activity for B&veimX organisms. It 
urn# apprexisat®ly oa©^fourth at a$tiT« aa oi®lo aeid i« tfe®, 
p»©-*t& of h* :|ia*g^MB,o..a.ai aat M f©af id©3»blr Higher a#tS.ir4tr 
It*,, asssl- fraetioa wi by It^r.. it il-* 
(194?) to tevt Mt^ia MtiTity tor tli# ,i%t, lofttann and 
Axslrod (1947| obtained «l ether solubl® fraction with bi©» 
tin aotivity fro® beef snd hu®an plasma* Oleic acid, ©a a 
*»i^t appr0xi»ffly tli# ««# .•aitlf.itf 
frager <1947-1948) found that upon hydrolysis fa#ri® 
fl&fiia yiilti $. ««b»t&aQ®, tactraetabli with mh%&h, 
intr»«'St»@«il»rly, rft»o«t- tlightly d®iwatitis ia 
<shio}£«, fb# effmt mB not »• gr«iit prodmstd fey a 
©omp&rsbli biotia to«« m €«t«^4».@4 ly ®itr@bi#l#gl«.»l 
aiiaf» Sinoe oleio acid injections €14 a#t sileriaft the 
the disea##,| 'f»gtr #«a§l.«d#A that th# mtirlitl 
was aot. & fatty «#ld @r m related oompownd,. 
fk«rs rinaains, however, the possibility tl*t the biotin 
aettvitf of thf tomlt be- in,, tmms -if 
kmm mB f«id tm a of 
iiiaaa |jla.#«s. teilteti MitE, «€ M&imm Cltid)* 
#©aelua®d that blotin li m$mt^%MX' tm 
SfBtlJWl# of aoia» Furthermore, the author p3?opos#t 
that telotia mf tmmtim st mmt %imn m% ilmgt ia III® 
tyfithetlf ©f fatty If, to fatty 
&0id« mm% wpisllid $M iftmt rtriMy ««fe-Sasi f©i* in 
ort»r t© «l:la:taat« th# tm thi • 
ototalnM frm liyArt3.riiA teert# plaim fwlflll 
sttih a 
fh® tltlft rtlati-tiwliip i® ia-tsreittng iii ' 
it appfsi*! f# %« thf #thti*^*|<sr w»l« la wlii@h feletitt 
As iwelvtd in mMitiea t© itf la 4i®»ia» 
fl3iiitl©R amd .ftipayti« at At gyatlifsi®* a«e'la»lsa wfe«i»«by 
'feAot.lii fiiii«iti©a»--l8 fttlfllllaf tti® ©lilt rttmliPtawt At B©t 
wtll at trtstJit* iia|©'i»A% &f Aw»8tl^tor» 
•^AetAii fttiifAa th® «yathe«Ai &f »l$Ao 
tAllA»« mat WAliAa»s flt4S,} .ittigtif-.®! a »arfao«*a«ittw 
iiat«rt f©r' toiotln^. •ol.tA© wAI and 
fmftf,iA#ft %y ©f »4f©rptAta tm fh,« #f aAsr©*' 
©rg«ls«i|.. and that feAotAn f#r t3.«A@ atAi An a 
•AaAlar aaiiuir. Mt Hof^aa CAt48'5j li@ifw«r,. 
iAapwit® the mrtrnm aittvAty th##i»y,# t@l»lAa.g ©mt ll»t aany 
Ijiotin wal^piw ©f Mette ®©tAirAty «hemAt, gtpwttir-
ally^ a#r© aurfa^©# aatAirt feAotAa# 
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mflds. Mf the pro©©it @f to salw phosphate at 
pi .4.0,. tht 
ft.gpi.rti© acid, serine, and threonine m# narkedly deoreased. 
fhii activity could b© restored upon the addition of "biotin 
©r aitnylte, Liohstein C1S49), Lichgteia, «it Stelftmaa 
(1949), and Ghristrasn .and Lichsttin (1950), the 
mlBtmrn® tf e^taiyst t^m tf tololto and W m»m§ #f p&ptr 
•trip 0hro»t©simphy 0«pa»t«d froa,y#8st @xtra@t a ei'bgtmii#© 
•rhioh activatis the deaminasei of aspartic aoi^g and 
tlir#oiiiii#» il»s» tk@ mtmM m» ii#t at®ttyli0 aeid 
¥4©tte as ittoh, th® atsthor® eonolwdtd tliail tk«^ ffaetion 
©qbtal««d tla® mmtm^ th# laftltlig th® d«^-
SRiination of ths above amino aoids» Vlpon hydrolyiti tht 
fraction, bio tin mi «i« aTailabl# tf SS^-
'lAiMt. *lii§:h toii att respond *#• t-i® «i^.dr©lr«tt, 
LiohstPin (1950) fotind that this so-called ooensyi®# form of 
blotl^ a|,..go .»t|wilftt«4 t«liio«ti$ .|ait itttoinic det&rtexylas'ta. 
fli# probability tisat biotin ®xi®ti ia a 0d«ngy»« form 
ft# rtported by Liohstein is not surprising, iy aaalop' with 
©th«s»- ®o«nt|*.ti iintaining •ittates t» Ihti** 
biotin Eaight well b# ©xpectrd to sxist in such #©«, Biotin 
in stfongly btiiad t&m rtitafly Sowt#a mat Fel«r» 
SOB Cli4i) oonfimed and extended earlier mwk ^ 'hioh showtd 
that a tyne of boimd biotin utilisabl© by #.&;s#i hiti litllt 
.p»©wtli activity f#r ||. si*i^iiio«i« wtil. «0id hydrolysii »®d» 
tilt "biotia smU.a1sl,e opgtBlw, .l©fffiaiia,, 
al*.f. .fl9S0) elai«#%fi»igia tw felcstia-^-QOftteittittg fra®tien,8 
In hmf liver, &m a tm^tim lAieto poss#si«t 
felo.tia actlTlty net iti«r#aet4 Isf mi4a hf0mtfB%§f mat tb* 
otMtr a a©ii^4.1al|'i:«bl.# aet-i^itr 
mlf E0'ld hyarolysli, fit© luttiF wsi p#«ttil&ttd t© 
%« a '' •&# um& m.e 
proposed fm a&t-l?® toiotin-contalning pr&%#las In. 
tlssmtf, 
fh@ mye$&llimM0n #f' a •mMnmllr implex 
0f blotiiJ lias been aooompllahed "fer Omeam, Skegp^ 
W0od,,, feek, W&Xf, aad ftlkttt fliSO| ant mm0d "bioeytia* 
®ie 0©iipl,tx le amllafel# ai t •©iii'q® @f l?lot4ii t© may 
©r^flissfi ,1s tstillzablc others #iilr &ttw mid fey*' 
4rolysis« Bi&eytM Is b#at itaM-tg avltla euafeiaaMei &a€ 
r®*'dlly dlaly£abl$» Liohiteln, j|. li, f.3,&§0) foaati tMat 
fel'Oeytia -Mffem fr©a. tlst §mBsy«^ tmeti&n :t0poj*tBd to: ij® 
act It# im th® ®ate9 aeit tfiwiws«f» aat 
Skegfs (1950)I I»wef«i*t sliOw»S blooytin to M,aetlve in tli© 
^mMimtim #f aspartlo •ailt, flit awtfeiM ^#llw©'tl»f 
teiO'Oytln.^ m Motlig alfM mtttm to ttai foraatloa &t thf 
0©'®agy«« tm ## ,s.$pai»tio a§tt,» 
Sii mt&tlom Qf t© t«iilaa.,s« as '©Isis^aa 
l^y ms ehallenftt fey and 
Maytoall (1040) -*0 wtw wsfel# t© ,p@a«s'timt'® prtyli?mfl|r 
I® phosphate, pU 4.0, by the addition of biottRi,. 
ilO^t «t«|» ®f bacteria cells m sdtnosia# 
womld reaotiTat© the systems. Wright^ jg| ii» hsm^ 
i?®r„ oonfirmed, with reservations, the claims ©f Liohstein. 
0ells b# rtaitifiitit if th# ,irta©ti@» w&$ pm at pi 
f*0 Iftilgad ef pH 4*§,, Though th» sechanlsm tf inactivation 
if not, uiid«i»«*0o4| th# authors believ# timt biotin is in 
SOfflt my oonoerned with the deamlii&s-t .gyi-t^i #f 
at4t|.. ifrine, and threonine. 
Qthgg. fmnstisjns renortM .for biotin* Ifiten©# lndl-^ 
©ating a multiplicity of functions for biotin l»fi continued 
t© atiilioit to Iht relmtioiihlp.® alrt®dy 
eoRsMsrtd, m number of possible other functions Mm b#sa 
report-id,. 
totB Md Xtlfttry (Xi4l) r^ortfd tii«l th« fwdimg of a 
orude fraction from beef liTer caused fatty livera Is rats 
^whS4li oould l»« pj^evented by lacluding, liposmie#3eti»&©t« of 
wheat g«»t 03? Saositol in the diet. Biotin wat fowd t@ 
be %b© responsible fraction. Gholesterol, particularly, 
aie.uaiilftltd is ih# lifW:. fht mm rapid, btini 
tioeable im g4 hours and maxiEi» in fi-re days. Okty 
found s giailsr relatiimghtp l» that rat« with incipient 
biotin-deficiency stored mo li'ter eholeeterol. ihii# this 
relationship could merely be another manifestation ©f the 
roX« of Motiii mtUm dimidt fimtlm, t^# eff«ct la« 
itt 'fetea farther etlamisltati. 
another ^ f f m %  ^wiileli »««»• ilk.®!!- t® ¥# all# .te' 
th# ©fflneotlon bttw-wa blotin ant carbon dioxide fixation 
is the influence of blotin on the rate of oxidation ©f 
gll'eiiyti by g, fmmiiA. (mm. %$mU 
of biotln in this #ais is unexplained; ia all pj?®bsbllitr 
it ia m iallrect 
All., M A. # CliSOl found that th* addition of bietin to 
tialyztt e®lX-frt« preparation® #f sQll resulted la in^ 
©rtasfd ©xidation »f sii©©.iiii@ a»it. fht' pttiibillty that 
the effect «sy b# dm# to oxidation of dxalaceti® acid aris-
lag froa «ii®@ini@ aeid 1« rul-#t m% m thi tea,git that fwari® 
acidi ^ieh w©«it arlee froa luooinlc acid, it not attacked 
appreciabli" m& that carbon diozid# if not ftrwed froa 
cinic .i3celrod^ , Cli4i| f#«d a® @f 
•mccinoxldase activity ia liver tissue fr©B biotln-defieient 
•rats. 
Selwiohe CltiOl demonstrated that bi#ti» is concerned 
with the decarboxylation of succinic acid by Protaionibaote-
rim mmMmmsmt. »ictitt-*dfficiieiit ctlla gheved dt®rea#td 
ability to decarboxylate this acid, addition ©f biotln 
restored this activity. I*ich*t#i* (ISSO) alio fount a con-
mtctioa bftweea bittia and succinic dec»b®xyla»«. 
iitoobs 
Mle.r06dd0tta lmod®lktlmm mw tuplcsyed la all 'tent a ^ 
llsitea number of experliaents. ffee organism mM tltaiBM 
©rifiiially fro® the ftf fir, ^#Jery S.t#|jfaeii«®a 
#f figiabridge University. 
ft® #«ll» w«r® frtm in Itw fetttlti m a mlM. »«iiw 
described by Srampitz sat Werlman (1941). Inoubatita time 
was 72 hours at 37®C:, fbe cells wsrt l»y iwiMag 
friffl llif smrf&s© with distilled •eeatrlfaflnf, 
silt re-washing with distilled mter. fields ©f #@11® avtr^ 
aftd b«twt#ii l»i sat tw@ ptr Rem fe©ttle#. fbt tslls • 
Wire lyophlllzet m§, stored in the refrigerator. Aoetone-
trsatit «^tll«, frtp&rti meeordlftf t® and tsrliaaa 
(it41| w»# «««t ia a #«W" #3®trte«a*i» 
Umt iwoived tk# m«# #f a» iftiim# prepn* 
rat Its •®Mais«d iiy lyitnf fM# sslli It fri# mtif9 
tk® IfS'St^ eeXl# w«rt prtparti a# ly-
#philifed utllf wtr© ia. dlttillei mttr and m 
iolution oontalning ©^*4 «illigra» ©f erysttllitte lr®0jK,s«t 
p«r ®illilittr ©f «©i*al salin® mg stdM, &«• ©©Boeotra-*-
ti©ii ©f iffta @n« milllfr*® I® ICX^ nilligrMs #f 
tells. III® m» allowed t«» reaet t&r approxiaatelf 
tm at mm^ »i« ©'il-ls mm weli lr@«d 
sftir this length ©f timt^ ifils being indioated toy changes 
4a «i©l®r,,. ©i#!?, ast ##ttfist@ncy, fh$ lylt€ wm 
tlien a.M«t to the reaction flask, the diluting effect ©f 
tthejp- #©aititweati' ttaiiag to iahibit fartlitr aetlon by the 
Ijrsozyme. 
In the pr^a3?ati#tt @f ly»«t cells f@? ttst in fijEatioa. 
e^eria^eati tttpli^ia^ relittirely large amounts @f f ellnlar 
ffiaterlal, «llghtly ^eater concentrations (1,25 milligraiis 
per' 100 milli^wi @f telli-'l &i w«?e, lest 
rtiults were obtained by first adding unlyied @elli t© the 
flask,, aiding a solution of lysogyme, m& allowing lytii to 
pr#©«#i is the flask before aidlif other coBitllttentt, 
I^rge amotinti sf lyiet cells af»« difficult to twtssfer be* 
@att«e ®f the ftlstln&tts ^-tiawstejT' @f. th# fr^arationi mn-
ie<|u«tly, thii prooedttre tliainates «»ror® that aifht ai»ise 
in pipetting large amounts of ly«ed iells, 
^eeherichia coli l»f0 mi -eaployed m the edarte of 
eniy»e in smmA experiments, fhi or^isa was p»©w on 
a »eti* deieriliill by Iilnitiky ant fefi»aa C1S431* Sell-
fret extraote were prepared according to Wiggert, sX §Xt 
C1940). 
groaioaibaeteriaai FM.4 been mm in & 
iia^e set of ejsiJtriaents,. Specific reference will be aade 
t® the gpmth #f the mgmim «i pi»«pafati©» ®f a cell-free 
the is ilecussad, 
feohange Reaotions Involflnf Iwy 
Many of the ©xperlments Involve the tiM&tim. earbon 
dioxide into oxalaoetic acid. Since this aoid is too labile 
t® iitlatlta/#f Ifes t@»p©«d mfl«r it tost b«®a 
fornfd,!,, th# riaetloa la» b«m studied by iitill^liig m ®x» 
@laag© wmstlm firi't dtgspibed by jil-ilj*. {1945). 
f%e atthod eoailiti ©f initibatlng ©mlset-ll# :&#id with hmtj 
farbon sodium bicarbonate and allOTs-ing th$ rtsetloft t© 
0'«#4'wi'lll appi?©*iffiat®ly oat-lialf &f tht ©Milaa-ttie wM. 
rtMiat* fMi reaction is then halted and »y label |a®@rpo~ 
mt«d iat'©' the .Is dttt»lned|. fifing s ^.taaar# #f 
the amount of oarbon dioxide assimilated acoordinf t# tlis 
reaction 
fIgCOOOOH + ^I0§f3.%lg0''Oa§0S. 
fht reactions 'wtb carried out in SiO alllilitt? tw®-
am 'Irlfiia#!^#^- tlmks which ootjid b® commtM t© t&i»btirf 
»aaoaet@ra. Oxalaoetie aold wm neutralised with dilute 
iodim hydroxid® at i0#-bath t^p®r&tw3^« iamtdiately btfort 
ftAdiag tt th# flwlE. • lemttion flaikg gat-iid with 
nitrogen ten minutes, placed on th# bath a»d equilibrated 
ten aiautei and th# add#t fiP6» the side-am to 
the aala ohaaber, The reaction proceeded for 20 minutes at 
whioh tin® approximately one-Jmlf of th© oxalaoetate had 
!>•§» « a#af«r^ «iiii»ii«|i»liiaXly lb# tfrelm* 
tios-df mrhm 
i»ta0tl©« flagta wsr®, i?«i©yft fjpen th© mnt 0.6 
milliliter sXiquote wtr© S*tAla.ttl|r ultbtoawi f«>r a»t,«wl* 
jiatltR of ^tsiamul »al&0«tit »i4» fiiti# aliqwciti mm 
pXastd la flaall mie%mg flai&i %«? nfei^la mil 
mmm%& f®!* aiilllii.#»©|t3»t« ®f ©mlaottl# 
a©l4 feai adAtA, Ifefii sillilitits .-tiii pm ©tat 
trlehltmsitl® aoiA wmm aittA %& ^iii la^i iftaetlen flask 
to stop tli« rfaotKw ant A^rstitaal# Iht g©ltilloii mw 
thm «entrlfmg«A, Miauwliillt.,,! r«»Aliif.» fm rtslAml txatl» 
ae'tti® aolA. w#rf taktii. 
•<&« fup-trsataet fi*©® tfet a^i»©t©:ljiat«a iblxttti*® ms 
atsiAlflfi. t€>' ©ORfo with iiAftiifit a# iA anA plaotA in m 
mmmtXm timmfee? oosililliig ©f a pyrm tmTm.' «twi|)ptA with, 
a ©nt^^liiis'li mmtlm stoa®* S«A@i|. alj' ms 
paaatA #is i#lmti#ii fm 15. .aiiiiit«« t« rid 1% ©f 
af#alAttal ©^icfeoa Al©*|Af» -©it r«l«fts«A AlojclAt ms 
twrnppm. in .a snail tJ^at tmmt m a ia» a1it©yptl@R "beat @o»«^ 
taitttei' tm ffiillilitti»i ®f i I ioAiw JiyAi^3EtA«, 
Afttr till® lultlftl tmr »illill't.«ri &t 0*2 
i @0Aiw. ls..l«as»1soiate e0ttta.ifiiai »« *«i*® aAA^ .and tfett 
a.m&tim otntiiimtA li ffllamtti# 1^# ©arMii AleaciAt ma a^ia 
ti»app«A. in alkftll, 'fli.|i »«pt«A »• a. rlnst t# flmgfa tttt- mf 
yeaainiag 'rtilAml mw^m 
• 31-
fb@ mmtlm alxture me thiJi m m 250 
rmm0. Cotton ftail with fte't# p*'@»4 
gtaif Joint®, fli® flask nae fittad with a Goadi®.®^'' 
and a s«mll captllarf tferough wbleh &. gli^t gtreaa ©f eerfetii 
air «i pmiitt. fm mixtw^% mt Mmt$€ sitt. 
at tbi boiling point far 80 alatttti* fliii pp©«tt«p® 
mlmsM 0m%m €l«4tf fmm $k9 mMbytm^ emrh^x^l 
group of oxalaofti© a©Id, aat tfais ma %»pp©4 ia 
alkali. Biftllled mter frm <&f carbon ii«M® ms mi®t. in 
mkim ttf mm§m%9 mtsA ia th9 mad sli» umi pasiet 
tfaroiiga m alfeftli hmi. tower to aTdia m *t»h. at pofgibXt 
ilititifiia mi tfcs with ttsiml m^hm^M fb© 
blcwljoaatf rinse and smpl6 itsilf »ir« aaalygst fm ii®* 
tope eentent^ th® rlnst serving « m eMwk i# tlmt l«©t©p® 
tpm tk& mi «•©%. esrrlti mm 
ata«iir#a witli th® • 1# Xabfl wms ®v«f fswnt ,1a my 
#f tlii 
fh# mmtmt ef gaaplei «• ©a s lltr 
t|^8 aa#i iffctrometer. faXues la fiTSil &» at^ 
t« ©tat ytpM-salt ttot "feetw#®!!, 
Ifotopt mntmt ©f the ^aai a- it&ndart at 
%f mmmt lsi@»^®aat#. 4t@« pti? «#at ... x 100. 
1 • (jl3/(jl2 
Aaftlytioal irtlidii 
detemlnation of suoolniii aoid m§ m% wltfe 
a ftt«©iii»iiii«i[t pip'ip&i?ittl@». «ftit tmm hmt ^i^^rAiWi t® 
&0h§- (1937). 
f© the r^tl#» llfmii fm IMt 
if w« 4^t#%«laat«4 % a#lii#i«a|i©a t© e^g# i*«A villi 10 
» «ttl.ftiri@ atia.| hmtln$ m tto.® Htlli m aiiitigj 
aat ®#»|^if«i&ti«i» »mf«pa&lsa'| «•, ©tatiattwlir 
witti aittliri tmt is 'howr«» fh# m%mQ% 
naa ffmpoimt'it %© fif-« »illilit«ri md mm up 
tm milXUitms with ilillll«ft mtm, fhi# i#lmli«a wa§ 
mtft tw W» MmmimMim: &f" »mmin$.§ A«id,. 
fw m&m mmmiamhm '$m «illlli|^i ®f iaigjlf wm9 
&it«t a VartoWi ©wp ^altag- witto t© nllligTMii #f flit §m* 
pr^&w»tion la pteiptoats Wftr,. |>I f»4,, am4 
a ttlal mime #f 3,3 «l31illt»i?f* ft# ir»ll 
titiaM alkali for th,® absorption ftf iiarboii Sioxid#, CSa^ffsa 
ttptaki m» turn M$mia0& with «a#JI ©f gt^«i.iiil§ 
asta takiiif mp tm ailllM®!## #f 
MMS^A MAMMtM mM. ' 
Bj» Mtwt ©f «»lst©«li«>. ntlft F«a:|jiiaf af%#r aa tx--
©li&iigt ip#Ae1idtt •ftat ^#«i wt* 4f$««.ia:®d fey Ik® 
*33* 
Oil® alllll4t®r ©f th9 
eentainlag ©xalaetti# nolti 0«3 mlllllittr tf iO ptr oeiit 
a4li»l® »0iAp: and 0»& millllitsi* dlstilltd wattr wtp® 
plaeed la the »ate f0apai»t«.«nl, ©f the flask, 'fh:® 
ild# am 09iitalii«d 0,»4 mllllllfti' ®f tgial p&tM «f .freshly 
alxtd aniliBi aad SO pm ©tnt ©ifrte' aeid, ®ili nas added 
after sqtilli:teatlo-a» , Srelmtl©® of ®a:|%@a dlexldt m,i tlitii 
mtaswtd t<a d«t«»i«e ©icala^sti© aeld prtitat* 
nitmrnu 
Otllttlai* aiti*©-g«ii m» dtt««ila#d by 
Btthod of Pi*«gl at m@difi«d W ^j©lJiii 
lltrobloXofleai Mtlla©ds 
MX9MM ^iiix 
fh# sttMd s«pl#rtd to, th9 mmf f«* biotla .wii thai 
of Robtrti aad Saell (1946). AisaFi,wti»® «ai*i'|-fd as 
•utttllfitd ift tlitii* pro#idiii?e with a itandard, turrt b«iii,g 
Tm m@h tla® with Itvtli at 0»0|, ©•OOOl, 0.,000.3t 0,,000i, 
O.OOQ?, and 0*001 miem^m @f bletlii, .An aalaetwlated 
ttib,e of atdlaffl seav«d a,i a ©«B,tr©l* ll&t«p|itl.s to %« atinyed^ 
fo,r toidtlB ooatiat wtrt thttktd si «. alalnwrn ©f lf¥«ls 
at rtlatlTf dlltitioas of ©at, t«a„| aad 100,: deptudiiig m the 
fotency ff laaterial. 
the ft titrtestri® mmi. tk$ M k&m? twhMi» 
©etrlc methoas wtrfi tti#t and ^ave satlefaotory results. 
fii« s«.eiritt|-, @f til# tif© aetlJO&» l.« not differ tut, 
although the %,|p# #f ourve obtained Is n#t, tli® fh@ 
tltrlmetrlo method is slightly more reproduoible itai ii aot 
If s«»ll ,1a iattulum*. fypltml #^iirr®s., 
la wM@li 16 l«T#ls of bio tin were used, are pictured iii 
flgmrt t* fht lactic acid was titrated with ©•IS I »@dii« 
liyire^idf with thymol blue as iadii«t©r. fht turbidity 
®f Iht cultures was read on a Hett-^Sumrasrson colorimeter 
mMg s iSO mft fiit@t» 
fht, mM&r orpiaiia mg tMatoM&lllm. arabinosua lf»S. 
II wi carried ta It stooli sedium tescribed by Krueger aai. 
cl04sb5» 
Bio tin mi aoffibinatloa by' it# it iiyir@ly»4t' 
b«f@rt ,®mt «, I*#? a#st ©ellmlar aaterial 
thii was acoompliehed by adding six tnilliliteri @f ftlutloii 
or iuspension, containing upprtxlmately 0.2 grsa dry irtigiit 
tf m $M «illllit®ri 4 I gulfuri© acid. In 
th© m89 of purified enzyme imaller amounts wsrt ustt. 
fh# pr«pa?at:i9ii mM t*@. h«rs at 121®0 m€, afttr 
oooliagi neutralized with an equivalent amount &t barium 
hydroxide. The solution mt then centrifuged t@ rmm^ a@st 
the barlu* 8id.t ant the i#iut|©ii refultiisf m» 
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filtered through Ho. 4g Wkm%mn filter p&ptr,, fh# 
ii*i thm fm blot in. 
lelemiimtieii Qf 
Aspartio atii ma '%f th# 
aggaj m©thed @f St#«lt,^ li ^  (1949) msteg 
a««eat^»n?ia^g P-60. Afttr l?r 
tungstate-gttlfarJjt aeld method outlined hf Sohurr, jil, gl^,, 
{1950) assay* irtrt oarried mt in pfwm test tube# fitted 
with After incubation &t 8f®i fm fS heiiri 
the lactic aeld formtA was titrated vlth 0.02 f i0dl«a 
feydr#*it« ns'lttg Wm th|m©l. Mm« a# « ludieater*. Msmfs 
wtr® rm ia duplicate. 
.Sg 
Avldln -was concentrated from egg white %f ®«5di-
fleation of a procedure first developed fey Sikini it ^ 6l« 
(1941),. 
fhe ^itm ©f %m tsxea fresh eggi m mn «taal sttount 
@f f'r#«ea tff whit® itrved &• «t»rt'|iif Material# fhls 
s«©Witti to approximately three liters of egg white. 
fw0 volumes of acetone were added mi. the mixture uss 
ttii»rti ttntll the prtieia® ^hai @#«plft«ly t§ag«lmi«d, the 
sattrlal mi thpoti^ dates# •»»€ 
tif 'toaA*' ftoi® afiloat iolmtlon ms refllttrti tteowgb 
0«2. for the recovery of additional protein, fb# fllttr pat 
and precipitate were added to the ooagulum, fh® ioagulti® 
•ira® broken ap «d ittip«dst for #»• how is oa« lit-tr of 
diitillid Th« O'Omgttlm s®parat®d fro® tht w«h 
i»*t«r m tts@ribiid...ftr th# aottoa# solution, stithy th« 
msh, mtm? tt®l* solution ootttlilned blot la inactivntiJig 
activity, 
f]fe» mi imip«det for i«f©r&l hottrt ia. 
0R« littr of a tw pm cent solution of niamonium sulfatt# 
fh« iai,t iolmtioa mi- thta filtered a» pr-fviously t#»orib®d, 
fh® 'fxtraotlott «« r#p©«it«d. with an additional liter of 
aaaonluia sulfat® iolutlon. The filtrates were oombined aad 
tontaJtotd the bletiii |»ot|mtinf aotlvity. 
Six llt#ri of aoetoa# were mixed with the filtrate froa 
the #alt ,«tr*olioa»- fiving m tio'bid solution &$ the- prttela 
preolpitalei.. After SO minutes, 20 graaf of fUteres#! were 
added ant tht augpension was filtered with suction, fh# 
#ola.|ioa m$ rf*filtirtd titrot|h, th#, iiwt filtir pad 'Wtil 
oleftT'* , »i»Ily the sddition of t. im &&p$ of ten pm &mt 
aottio as id m§ meotssary to §mga.%&$w the preoipiteied pro^ 
teiBi in order tliat a clear filtrate would 
the filt-tr p&S. oontAining the preoipitattd prottlni 
m§ smiptndfd in 400 *illilitfr« of & two per &mt 
©f siilfatt. My stioky Imps #f ©tafulat^t |5r©*> 
t f l t t i  wiif© worked witii ». gpatula wtil 
flat Filter-Cel ms filtered off and dlaoardet. 
Fifty ^a»i of HMoniw awlfat® wit# t# ®aofe 100 
ailXiliters of aolution and the solution stirred until the 
salt vms dissolved. Small amounts of salt w@l»© added « 
as they would dissolve. With the tst^rease in salt 
tonoentration the solution became opalescent, then mrious 
fractions of protein coagulated at the top of the solution. 
The coagulum which formed' colored., |»iaBfisg fmm. light 
pink to greenish-yellOTar, aftd t/as skimmed off with a spatula* 
Whm th« s^ilttti#® *i .salirstM with ftsia©aim® th® 
active fraction was almost oompleteljr precipitated. It 414 
not ©eagulate, but remained suspended and was filtemd off 
with tht: aid of Filter-Gel. The active protein and mmmw 
i&lt were dissolved In 20 milliliters of distilled mt#l? 
and frtft. .twm Wsm fiJter-Otl tesr .fiitjpatlon. 
The sstiv© protein solution «§ freed f3P#a the ialt 
by a.litlriis ih »mm&ge taimf a^inst rumlnf «t,#r for 
24 hours* Pour volu®## of acetone wsrt aidti I# ,th« dia-
lyged solution an# the precipitated protein centrlfuget off 
and ^iritd l» & -wmmm* Sit itettv® wltrlal »e in, & 
desiccator and retained activity for long periods tiat. 
Mtivitlss were determined as the amount needed ti ina#-
tiva.t# •«« part @f blotia,- Activities .fr#» SOO t@^ 
1000 j with the S<».. 
fh# mtttitf tmt* wtrt wd# '^y s *11^.1 
tf til# 'bifllii m$my .iBittott «# &at Snell (1046.), 
latmi maewti ©f littin w«r» mitti t#. the tife#i. mat 
tli« m&m%w 0f sfMln fk# ml whiik felttla 
ma 0®sfl#t«.lr iaaotivatftt mn toy th® 
Imk &t .@p-@wtli &f %m ttflt 1^, ffflliim. fmu 
i »hm» M typieai a«®®y #f tliii typ«» 
©»im©«tl0 «tfit was pripajpsi fi*@a miXm 
a.®etst« liy a 
littd »«ftoa» (IS41.), m 100 fa»« «f *lt ia 2S0 ailXi-
llttri ®f disillXet -wittr All •qaifaltal mmm% #f «©nt#ii» 
smlfwid a®lA ms aMtt* Si» tw-m titfr mi r-i«@ir«4 
as att ©lly iaytp %f »#*»$ et « t«piti?mt©fy Bi# • 
mt Wmm fiats irltli ttli«i*, Wm t#tal mmmt to«ing 
100 «lHillt®w. fli# 9thm w$m wltli M 
mlllllitii'i $f 41s'lill#a wt«F'a mull m^mt ©f 
trom«- «'»4lw ^ addtd f# 'Ai^y tli# tthtr 
Mttr filtiratloa, th» sttlutioa nag t© *«««» 
diitttlati^a. and tb® toaf'laf a Ijeilittf p#iiit; @f ISI* 
13S®i|. t©ll«#t«a* fh« pltts f&wp mlmm ®f mmm" 
ti*at.fi hydroohlorlo figtrtwly tm %w& 
miwrt m ®. fla# i'tlwlita mn tbss pmiti 
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•43,«» 
in a 4i®p fmm% tw at day mat Ibi prstipitaftt 
©mlaettle a®it ws» filttrei off at a tew miing 
a glafs fffiptter pmrifJ.@,»tloii ©f the aoii 
wm.f ©tetaiaefi t>y aissolfiag la m wliiiMw aasBiils @f mm 
mrn&m m& i»»ry«talliEini %f ©©©ling aat tii© itddltloa of 
elilo3?©f&jw» 
Fwrity of %h® at liy $!»« 
c)itrats ««tli©dp, i»s atoemt fO' pm mn%* 
Orystallin© tedlw py3?*wratt mi prwpme^ 
pfrmU a§ta %j fwrity wais 
"by txiislien with ««1@ iiilfatt att^rdlai %.& 
irt^s and ^dtofdii 
Aiuaijaa. gy 
Almim Gj wa« pi»fpai*«t as "fey/mtrtli© ant 
0miswrn (19^), 
-*4£~ 
sis' 
ffat Bletia a0<|«3jreasiit ®f lygoaeiktidm 
At tht tint #f thi$ tairtstigatioa %M biotia repair©-
elM@iaatf€« Felaey, j|. |lt4i5 femfi tiiat Hot.la Sl€ 
a®t gr0wt.i1. &f tfes trgaai®® wbw tm fitaala wat 
am®d -to & 'bm&l tttilmn »§«,!» iii-arelyiate.,. ©yttlae, 
.sAtnine and inor^als mlti, AIl«» 
s series #f @m %Jbi« amtrl'litii &f 
.!• lyjQ&eiktiQiia mat s®t»i i«.f4ait.» .r«sp#iist ©f tlj.« ©r^nlsa 
t@ tfee aMitlon ©f ljiotln« 
fhs w.ti«bo.f iiey« sh©wi feietis t® fe® aaaetly 
stl»til.at@iT tb.# .p»@wlli ©.f g, lyi&aeiktitfmi ©a a frRlbtti® 
at4lmea, fk® ©i»^.i««,. ho-^evar, pm^mm s©a@ grdirlfe &9m 
wlita 111# wltmim It twm Ife-t m#atea. 
flit fflstliod eettflsitt ©f growing %h$ ©rgaaiia la pjrm 
t«st. tBbSi mat atasmrtiii thm m»^mm ©f tii« e.i*.^alia t® 
l5l©tiii aat ®.0a^@wSs whiefe Imve b«tii i*tp#rbta t© replatt 
toietia is toait«risil amtrition. Hi® w«r# with 
mliiBiiimB @ap.f t© fatilltata jtottt1.1»g» l&efe tm^e ©.©ataiatt 
a tetsl ®f five milliltttrt tf aediu®. fli# aetita was Tmjpltd 
111" makiag aidltl^ag t# ailllliteri. ©t feassl 
fhB 'festal Sffiim nt li pounds for tin 
mlmmtm mS. wtmwi aiitti* in fii# „r#frlg©rat#r. Ali­
quot® ¥0re withdrawn mseptloallf "^tii aitttd, 
®if basal medim wt« eoaprised &f tii« following: 
sis m 
DL-alanine 100 
L-arglnine HOI 100 
L-oyetelne HCl m 
glycine 50 
u-glutamio acid 100 
L-hlstidin© HOI 50 
OL-lsoleucine 100 
L-leuolne 100 
L-lysine HGl 100 
DL-ia@thionlne 50 
OL -pheaylalanin t 50 
t-proline 100 
OL-serine 36 
OL-tryptophan 25 
L-tyro8ine 100 
DL-valine 100 
adenine sulfate 5 
guanine HOI S 
uraoil 5 
glucose 1500 
500 
100 
s 
10 
5 
500 
300 
m 
i-O 
250 
250 
500 
E50 
250 
1 
InoGulatlon, @f the Sfgtjr laedltw wm m&& as followi; a 
'BMmat mMmm of g, lyg&AftiltlQm. m &• antrleat slaat 
wm wshed into tta jailllliters sterile saline, cen-
Sgftim wihsd with saline. After centrifuglng, 
the #®lif w«r# resmip'taitt la 10- allliliter# islia# mnd 
diluted 0M0 to !«*- A single drop of this suspension added 
fr®« m pipfitt mi w©t to iiioemlatt msh 
Si# tubes ^^ere incubated at 37°0 for fg hours. The/ 
Wtrt then thoroughly shaken to suspend the iedimentfd @#llf 
nh4gi 
mgs04-7hp0 
PeS04•7UpO 
unaoA-mio 
laOl 
kphpo^ 
KHgP0| 
p-amino beasois 
ae id 
oaloiusi panto 
thenate 
niootinlo acid 
pyridoxin® HGl 
riboflai^in 
thiamine HCl 
folio aoid 
distilled mttr to 
400 ml 
adjusted 7*0 
il^ ype-
and dtlewiatt on tli« ll«tVSwffl»i©it pj&st©* 
^ImWW iitulsatlett witout rwttlts. 
In mlf ill^t tMt 'iatets ww# ibatua 
twlBg fey atani @f s TmiprmMl fbmktr 0p#»timg 
at approxi«ttly iss thi»«'s-teeli ilromts p-tr aiattit* 
Stinti#ai 0f o-lJlottii i» iiillllM mtm 
igm& msta tii tbt mmjBt Jtiparlt# a#It iitatmllitt 
totfdre aMi«g to Ife® a#tiw,. iotlmit @l«att iolutloai wr# 
m&M np fti follow? 100 milllgraiis of ©Itio aoii w«i»e dli-
solftA In four ®llllllt«i»i SS ptr oeiit ftfayl aloohol, ti-
ti»at«a wltfe 0#i I laOI aat wSt to flvd with 
slooiiol* iSif iolutiott m-s diluted 1»1©0 with tiftlllM 
W9.%m for ms-f m a itook folmtloa, irowtts #^trl®«ati in4i*» 
eattd aloohol In th« eoiiotatrfttiofif mttA M& m «ff®ot iipoii 
ftoi Ftsmltf'of typloal ftfsays »# .«howi lii faMtf S 
and 3. flis rtfwlti of .gpowtli without ftoattiif ar® iwolmdtd 
tm 
Rmpomm t« .a partlotilay levtl of addtd amtiPlal 
iioaiia»alily f**©® t«»'t to t#st, fiili hat lieen f@wd to 'b® 
typioml % otli» lyfodtiktie-ng, 
Tarioiti factors, ptrliaps plijfiloal In »at«w*t| whloli aot 
Will uBdir«to@d, mppm^ to M rispoafllJl«« »i!V«s?tli.iltii| 
the data oltarly d«i©iiit»t« fht itlji«l&|ot*r tiatar® of 
blot in I wta tboii^ tiit or^alw. mn preAns#' f®is» p*@¥tii in 
e 
IJtotia mt Miopoeoecus lysodeiktlottg 
Maitioae to Batsal 
Biotin, Mm® la la Asparlat®, Sa Oleate, 0.1 «g 
Hg 0.1 Kg 1 ttg Mm Aspartate, 1 ag 
*gg^lefia#ter beaaioge 
20 m 154 178 47 225 323 
ts tl m im. •» 1€» tt4 
0.005 12 30 m sm ta 150 236 
o,mi %s m 116 • « 201 230 
0.005 m im i40' 243 241 321 
0.01 m w 190 S-tS 'sm ' %m 882 210 310 
0.0» sg 111 1«> 344 mi gio 
0.1 24 IM. 2m S30 as. 3S4 243 331 
o.s m lis 2fi sm 3^ 261 m 
1.0'' m 306 239 mi m& ^4 mt- tiS 296 
tm ©f ©r^lsa. wittiomt sMtiiit, 
'Table g 
Iff«t ©f Aspartio Ada on the Biotin Eeqmlrimejit 
lyaodeiktietia 
• amltions meaim . . . 
Aspartmt#, i#a® Biotin 
mg 0.0001 pg 
^OoloflMetsi? 
0.00 22 38 m 60 
0.001 24 38. 26 S6 
0.001 m- 44 ai Si 
0.01 m m m ii 
0.05 »i5A 40 at if 
0.1 m m 4f so 
0.§ 38 is m 
1.0 m so 109 
g,0 m m 100 
s.o m m i3 110 
••Ilatt-Swiiii*!-#! ,y#*ding» «l iiO aji. 
the of the Titaain. 
fh# '^tfrnt ®f ®ip@i»tie mM aat «f ©l.tif niiii Mtli tf 
which «tt partially replace "biotln in the nutrition ©f smiM 
r8 s»b mu  ^
.imgi«tt.f.. :|« not m ttftoif# m tfc# 6tfmt mi 
mM replaces tJiotin to an extent hut the effect is not m 
&» im tli« •««#« »«r 
©liit acid exerts a mors pr&n©ttB®©t ^fmt Iten In 
#»s# #f th# ia©tl# aftli ^ aettria. Qaoa p'owth ommm isto@s' 
iodiw 0li»t# ii uttot t# th« sttitts't 0rm Metia li 
tmitted. Oleic aoiA and aepartio acid, ^ d^en added t#gtt)h«rt 
Bl®tin tad Blojcld# Fi»tioii Ss 
ftot tt rtlmt# feiotla mA ttmtim ®f 
Ilea dioxide wti wad# by studying the effect #f tfct Titarain 
m. 'th# @:f imisimli a«it teiftg %M mnrnmhl® dlt-
iiaiilation tf pyruvic acid by oell-free extrAfti ef 
tliiylflite, till, ©f th® orgwiis® mi, the 
«#• :exl»«t# !«•# %«•» l» th« 
®@@tion m method®. The pr^arations wtre fT&zm hf immm*-
ilott 'la * Bixttir# ©f dry l«® m€. mMtme ant «tor®d in th® 
t#tp-fre#ie imp ihort ptritti. 
fh# sutivlty of the cell-free extracts mi 
®sii0®«lriftally ttiaeuring the aiaount tf titrM» tieielt# 
eTolvei anaerobioally from 0.1 milliaole pyruvic atlt i» 
20 minutes by 0,8 milliliter of the preparation. 
Ifeta wm» obtained for thre# i«ts tf firit, 
m oontrol provided in which t&t re&otion protititA ill 
tMshlm with »d la tli#'l>lotifl avallafel® t@ th# 
•atymt, Seconaiy, avidia ms added to btisd tii# feiotla al-
rtfti? present, thus at least partially dtiyiif til.® 
t# tii« •fhtrtty, wm aiA»t femt.,. ia 
addition, "biotin was iupplied to ooapensats for that tied 
ftp mfltifti ftli .itrr«t«atBt of conditions sh#wM a»y 
«ff«ct ©a 111# actlTity »t th« ensyae t© fet du« to tht feiBftiag 
of "biotin aad not to a different tjrpe @f inhibition by the 
widii,* 
The cell-fr@® extracts wire wastyfi f#r biotin e©ii%®at 
in #r4®r that th# tfeisretical @f avidia attdM t@ 
blat th§ vilmain could be determined. 
Reactions w«re conducted in 193 millilillir Ir3.«»®®|"sr 
flftiki with ttiibli tit# Sediaat pyrnrat® was 
plactd ia @at lid® mmt solution# mt biotin •!» th# #th®r^ 
fh#i# w#r» stMid 'I# tht #|h«r Is th# 
»ain -cowpartntEt of the fl&il after the «Qtiilibrati#ii period, 
fh# rtii®tli>»« wtr« Harriett out with ihaking ia a Ws.i%ttrg 
bath at 30,4^^. M th# tni §f tht partlemlftr ,iscmMtl#m 
tlae chos©n, t&© samples were Immedlatelj ttproteinated by 
til# addition' @f oat-aixtli tell®..# #f tm $m etftt trlehlor©* 
acetio acid and eentrlfiiged. The amount of euooini® aeld 
in til® supernatant -mn then determined. 
ffet' ©f iem «f«r3»:ea.ts is falil® 
4, The amount #f Bueoinio acid f03?aed it s. function ef tlit 
#f wmhm tioxlA© fiieti in »#li set-ordiaf 
t© tt® $yft* pyruvie aoid+ ©arbon dioxide :^©3csla@#tl$ 
aiild=?=i:aail& ao id sprit fumaric aoid^=±: suooinie ftiid. 
difftrwti in tlii amount of suc@laig m'lA f#«M will in» 
die&ti diffarenoes in the aaiount of oarl^on dioxide fixed, 
Altfeow^, fil,# tolmi ajaounti of moid forfflfd wmm not largt, 
differences in total form^ were definite m&. regular, fit# 
effects of avidin »ad biotin am readily Im «#®®, In mmf 
mm thf atditlon of ETidin inhibited .gmtoini© »©ld forsa-
tios. The addition of biotin brought the valm® baok to 
noMni, iino-e th# .womif @# .siiftiMio- m«id fo».fd d^«di 
on the njaount of biotin available, and the amount of sm*-
oinio aold fomed al«o depeads on the mmu% of oarbon 
dioxide fl^#d, thi inta iadio&ti & role for biotin. in th® 
¥ood^ttf4»ail r#a@tloa. 
fwabifctlta sfi&lB with the tell»»f»# e3cti«t for-
long periods prior to the experiment had ft© additional 
effiet upon the reaction. lo greater inhibition of the 
fonsalloa #f •swtilttlo »ld m» :»o't«d when afidia mi added 
# % 
Wtmt &f Mt«tm m @f Sa@©lai© AeM 
Additions Activity, 
nl 002 
per 20 sin. 
Blotin 
Content, 
jug p<s^ si 
Amount, 
ml 
Succinic Acid 
Formed, 
iM 
1 None 
Avldin, Q^m at let 0,0250 4,0 0.026 0.021 
t Mone 
Avidin, 
Avidia, 
Avidin, 
0.075 ag 
0.075 fflg; biotin, 0.14 pg 
0.075 mgj biotin^ 0.60 jif 
sii^ O.Olfi s.o 0.085 
0.058 
0.079 
0.085 
3 Heme 
Avidin, 
Avidin, 
0,05 ®g 
0.05 ffigi biotiii, 10 
224- 0.0205 4.0 0.104 
0.065 
0.117 
4 None 
•Avidin, 
•Avidin, 
0,1 me 
0,1 Bigj bio tin 0,2 ns 
mo o.oao 8.0 0.098 
0.047 
0.099 
*Avldin iaeubatet with cell-free extract 13 hours at 12®G before experiment. 
Each flmX contained 1.0 mH pyruvate, 5.0 ml buffer, pH ®.S (eqiial parts 0*1 X 
phosphate aad 0.1 K SaHCOg saturated with COg), plus additions, and distilled water 
to volume, temperature = 30.4®0. 
Ixpt. 1. Volume = ^  i8i, time = 120 minutes, atmosphere = Sg. 
S^t* %<, Volume = 25 time = 240 minutes, atmosphere = Ig. 
lEpt. S. Voltaa® = ^  al, time = 180 minutes, atmosphere = GOg, 90^ Kg» 
&pt* 4. Volume = 25 time = 240 minutes, afeaosphere =10^ OOg, Bg, 
,13 1?ef©r« tla« mn «,dd©a "I® th® substrat# ttoan. 
when th© period of Incubation covered only the time of 
tfuillbration. -feii iiidl#®t#« that tittin is fiwlr bsmni 
by nVidia within m relatively short tiis®. 
rnillmtlm M m. iahibiter.iii,...th® tood->yerkaaa 
^@aatiefl 
Siftfi • wtrk iaii®Atet •thftt: bidtiii aay twmHm 
in the fixation of carbon dioxide in oxalaoetic aoid, ««*> 
l)sri»®»t« w#r« to ilnty the rtlationship -af Iht 
fitiain t# this epeoifio reaction. The 'mp^' 
proach «mt similar to that used in the work tli« ©ffwt 
#f biotin #a'im#@i«:ii a#id formation in ttet *f'Idiii-i«» 
af^in employed at m inhibitor. 
tracer tas^ertotatfl wir® m% "tp tttilitiag #®'ift the 
:t«^ge reaction laftlf^ing carbon al#«idi and oxal&cttit 
aiit. The enzyme preparation tias a lysed auepension ®f g. 
Iyg#A«ikticiyi. A?Mia w«i aitei tt i»a@tSfa|» biotin pre«»' 
tal in the lysed preparation. The effect "Upm carbon 
dioxide fixation of the binding tf a-railable biotin usi 
then det«®ined by mmsupln^ in th# of 
fixed in omlaottie aoid. In m/fm ^erlaents, '§•$$ 
whil#| a i^@-d iottrc# ©#• svidift,, mi aided, iaat^^d @f th# 
purified compound. 
flit iffloiiBt %f mi€im ^ whit# t® in-
%%e bletlLii |ii tm mil prvp^mtim w4tr 
txpsrimsntal condltiong ms first det@rmtn©d» fills involTSi 
m modifioation of the aiity method for biotin, cells 
aitfi t# t©, iarsre as tM •©tiFt.t- #f 
biotlft» "Parlous cone entrat Ions @f avidin or tfg i^it® w@m 
%hm aftiM tt- tii.# •s-iriti ftf siimf 
fh« tub©* wtrt Inootilatfd wifli 1^. aj?8ib,iii6Mia »fti 
&« in mi»l «iay f»r bi^tin. flk# rnm&mt ©f 
growth wti 4«t«»iRta by mgatwrtef tmrbMlty, m titFttttf 
tfe# aeld foMtd., 0oat:f©ls witt -tipecslallj setttaw^ ta tfa# 
tmrbliisitrte ffet ait4li.« #f IfiM at « 
fotiro© of biotin wouia aoeount for some turbidity in "llit 
*isay «#wt «r •«» wliiti nmrnvmsf 
t# Inhibit ptQW&i ifa« tii»a fa%S.#f $ $ 
p^rmmt typioal intetivatlm aasays* 
fht taloulatftt »#mii* tf »Miii ©r -Ait# •!»»• «€Atd 
t®, the rwiQtion alstare* feefoaagt w«r# ooafiwoted 
m.f ^wieaily i»,«#r|bti.# Mditions tf blcitia 
mi the results of suoh experiments are In. ffliM# 
%miYal©nt biotija refers to biotin addef I# f#r 
thst bf mi'itift #r i® sittii biotin la-
tiemtit thftt the Titamin te® been supplied oonsiderably i» 
#f th# b'twit. Biotin. m§ utteA iwm the 
&m #f the ,ria#ti«ii flm-ik aft.^ ':t^«iilibrmtl« mA 
InaotlTation Bio tin by I® Iftiltt 
fable 5 
. §g#»th 
Sells, Mm Wbltt# *Colorl»«t» Htaffif ©.X » MM, 
mg ag m%. 
i.t o,m m,Q 13, m 
%,0 0.02 gg.o 14.4S' 
i.o 0,10 16.0 
1,0 #.to t.o 
l.»0 0',40 i.O 4,$f 
1.0 0.60 6.0 4.40 
* r«mdlngs at iSO »ti, 
inlatloa of Ifi.tt 1, m smrm ef blotto. 
fawo 8 
&f iioflii by Iflto 
0«11«| ATidlB, 
m$ ng *0ilirts®lwriaii^ 
1»0, 0.0 3?.0 
1.0 0,.l 33,0 
1.0 0,B It,J 
1,0 1.0 11. i 
1»0 10.0 11,0 
1,0 ,t0.0 i0,g 
1,,0 100,0 m 
uq to...0 10,0 
•Ilttt»it»a#rt#ii 3P«aaittp At @60 .an# 
Seltttl0ii ®f Ifitd :a. m mmm ©f "foiotiii. 
IfebXe T 
mt #» thm Wimttm. ®f C^^Oo m 
SxperiB^t 1 S 
<^1~ 
acetate 
Remaining, 
m 
Oxal-
,» se#tate 
Fixed Remaining, 
m 
tol-
ao©tat@ 
Fixed Refining, 
i!@f®al exciianf@ 0.14 0.648 0.17 0.681 0,.4.g 0.702 
^^wiiiite addM, 
0.02 0.678 0.11 0.752 
Sgg white, 45 Big 
+ equivalent 
biotin, 0,2 jig •O.IS 0, 651 O.gt 0.755 
Avidia added, 
0.3 ®f 0,717 
Avidin, 0.3 ag + 
equivalent bio­
tin, 0.2 pg o.is 0.714 
Ividin, O.S lag 
excess biotin, 
0.5 »g O.M O.S06 
•?*lw«8 aF« fiT» a# mtm p®r cent .•^ws* 
lR#h flaslc containea. 1.50 aiM oxalacetate. 0.75 phosphate "bttiffer, pi §.S 
1.59 !rti ^aHC^^Og ^5.13 atom per cent excess C'3) ^ sg Ijsed or asetone-tr«t#i 
oells^ and distilled water to 30 ml. Time = 20 minutes. Atmospher© == %. 
ature = ^ .4®G. 
of ftfitla aat aaterial. 
fhf wmnX%$ §k&w m wi%,t€ .la Ifet Moiat ©f 
0^%g inoorporalM ia ©xalaoetio aeld lAiea either avidln 
03? «gg white Is added. In th© first @3!5)«rlment th© stana&i»t 
r«pr««'^;tlaf Mm mmmt ©f 0^^ la «o»8l mw%m iioxld® ms 
fomt t# 1.10 at#* pm 9mt» Mm m mm&t wteaag® in 
wfctleii mwlMtt mm %i©tin m» Mm -sttati tfe® 
Aloxltt of o»ls$eti0 aoM eoiit®|»#d 
l»a4 csfjat #3 oy 0,3.4 sx©@i8» sfelt 
•ihw s .•.ipi.ifi««t 0i wm^m ii«ia« #»taf© ..».a 
iatii.at®® fixation into oxal&oetio Tnis r&lm ioiT#-
«foa€« v«lm#» #Mat».ii4. % irmopttii Ili43| wt«p 
iiallar aondltlons. 
fiieii white -ms added to bind the biotin, Uw mlmt 
for #3 .content f«ll 1® l.*li atlw: f«i» f«t w .#*1# 0*02 .at#®-
©tut aboT® tfc« fftlni! for tfee isontrol, fMii m«owt i« 
»#t m mthw 9MpmimmMi mmp m %h.9 tmti-
tifity #f %%» m»* spectrometer oould account %hi§ mmll 
dlfftrtiist* flit addition of blotln to rell@f# this iahlbillta 
r#i*ilt#d In. s- .rfilWR to thf ihom !» •» a#«itl ©xthaagt. 
The ttoimt of found was i-gt,.. #r 0.1.2 »*!*. fw #«at «• 
#«§.», $ of only 0.02 at@a ter ©.^tat fr#a ti»l 
©fetate#4'#ittt m±%hm inhibitor mm *&« 
Siiallaf results w»rt obtaln»ft ia dscperiraent lo.. g wli®a 
pmU'M 'msti iaittai. #f fhtii. •!» 
«3cptri«©ati Qt this typ$ th® sMltioii sa Inhlbitoj? to 
bind thm mk$Mg it ^e«^ts la » tO 
t© 100 per §mt a®@r«ai# in #f emirtjm aio^Mt-i 
•an inliiblti©® wki@h li wli®ii blotltt li ali© &M®d* 
ffet aMitlttt MQtia mmM.0mhXy in i»®8« of ttoat iie»dt€ 
t0, oorapeii.s&te, fm tlie niiswt burnt bsr tM liililblt» a©«s not 
ptatalt la largtr 'aaowte ©f ©arbea 41©3£li« flx,»t* 
Bi®sf Wirt ,sdiitet#a with srnthstle oxal-^-
aeetls aeli, la t^®rlis«iit !©• IS a##t9nf»ti*#a$©a 
aet«d spen. ^physloltgltml, {ir&aplti,. 
1943) arlitaf fwa the m%&^%%m fmmi^ a«ia*. 
fli« aaetist ©f 8^%^ 1« alw&ys .iwsh ttadltlons^ 
Appaptntly tli« #»l&#»tl« msld that li p.3?0ttt©:.tt ,fw« tli« 
«i3iiaatl0ft #f fiaaai*!© adit aiffws to f©»t m.f fmm that 
»yntiitsit«a ir th© lAmmtovff mH %M »pl^ il®l©gleal ©»!• 
aeflt&t.®* ^#atXy faellltate® tto® wmi^timn fhft 
rtittlts, towsiftri^ ai»f flalto t© th©«f ©btalntd with sffi» 
tlietle ®»ixm@ttl§ aqli. 
flit 1» flatl« aMltlsa «f mu lialilblt@r . 
was aet a# ©©splst® at -In tlit #xpt3?l««ti emplofimg lfm€ 
©«lls# fbt rm%*smtim ctf aetlfltf mp©« the aStltloii sf 
blotla ws« appr©,xtoatelf iO p.t*» @«st, a^iii met as ©©aplttf, 
la all prebablllty p«»tablllty ®n%®iPtt 111® pletw® 
,1a msm whsr® a.«i#teii#*tr«sttai stlli w#i»® miid* fhtt© pi»©b»' 
Iws a3?t laygtly mv©l.(l®i lAm lyssA pir«pa,mtl©ai art Mid» 
fti# mmM% ©f mM rmm'Ming wkm. th& 
p%rMmt9 *«r® mttm 2® iiiiia.tii M$ t>#ta 4«:|.»3Wi:ii«a 
mmM» mt th9 imiline-oJltwtt fli« rtimlti ih^w 
tfea't ©f tli« ©mXat'tlif m&i&. 
ia %mh ©&««• 
itno® avidin, m speolfio Inhibitor ©f liotin, 
Al«lii timtion bj a eell^fr«@ pr^amttoa #f ||» 
lysodeikticua and biotin Ihli inhlbtti©a|, tht 
denoe indloates that biotin fixnotions in the W#s|,*W«i»taMta 
This hmi bttfi. Wttima aat 
fmo). 
SiB«# bio tint m« Bhem t@ b« - iwelvM la fli® ®&rbo3E|rl» 
#f p-ftwl# m«it t»l« «3ea'lwsttt »i€ .stt •&%%«#% 
wis «»€« t@ .«.©:»« pwifieatidr «f the twty*# lbv®3.ir,t€ 
aat theyetoi" fiarther sfiaSy th« #f th© -vitamiii 
t© ths mrnmim* fh« tetrnt ts»*3pb0xjrla««, fifst 
'by iCj?aaplt« sat f®i»toiaii ClS^D# t# 
th# «s?b#xrlatltii #f' pyfWt® flt#M as ir«lX -m %h$ 
i'timtle^iation #f #j»la9ttle utit# 
'hftti fartiallr pttrlfltd thi -taif*#, 
Plamt mi. lJi,riy I3.f4i| m tli# msfm^ #Maiiit4 froa 
'fmnmlmi.t ^ 
tlt« tft'iy®# fdttui 'ia pmaMf :3p#e%.. 
Clii©): ori-itaiUttA a tlnllar ©ngyat tf'm 
•giiQiMpteita M@th9Tt (1$50) reportM a titffei 
pmrifimM.m tfc« ©mtfs# :fr#* 
a#t 3r«vtal the details &f %bi purification process. 
&i tk® m »m$.m &f la 
•pH|. ndstrptioii of the aoti^i p3?ia.<il|»l« '®a «itipFie 
liyft»a[i€f iiiit ©lution with phosphate, mi tirst tried. 
®f 1#. Iy8:<ftieiktia!tttt .ia mtw w«ri 
m0& m thf «0tir®:i ©# tasfst* Ohaag®# In pi m€0 hy 
slQwli' &lAliig,'C5,l. i byiip#ia#t».|§ as.iit, 
alii.# eaiia»sm«at <©f mi- &mmtaisa with 
the 0«pri0 h|ri*»#si4t §«!. m-§ iiffiotalt tt jteadl® »a<ft 
»€kt prirr® t# fes s ag#a:|» 
fraetiSMation tof of preslpitatioa tf prt-'ltia with 
^$haag»i ia pi tmMM to jn*j»wer®i'fel|* ttaftfrnrt 
i^»iitities o# prottlii# ft «t-i ih©«i|:. tl»t Ih# 
p'satast mmmi @# *etit® wtitrsml prttipitatt® h'§tw§m 
4,f md i*3 f'fall© tL a #f .Im*-
protein with aoid ms incorporated into th# flsalL 
pmrlfismtion schta#* 
fht astlTity ®# th© ealott3At«t as ,»i®ro-
littri @f mr'bm Mmld@ fro® o»lae#ti© 
?li® f#its wir« to 
-fmM i 
^calaoetio Deoarljoxylas© Aotlrit^ tf A«iA 
Preoipitated Fractions 
pH 
Mitrogen 
in Sample, 
CO3 Svolved, 
fil per 90 Biin. 
Activity, 
Ml COg 
per mg 
mtro$m 
i.S 0.018 4 2BB 
«*0 0.117 2B 214 
i.S 0.182 112 iis 
i.O Ml $m 
4..f 390 i$m 
impematant «t 
'  4 ,7 o.ofi 50 417 
Saoh flask oontained 0.02 mM oxalaoetate, 0.35 biM phoi-* 
phate buffer, pH 6.8, 0.002 siK MuSOa, 0.3 ml of 12 H H0SO4 
in side arm, enzyme fraetlon as indieated and distilled 
water to 2.3 ml. Tiia© = SO minutes. Atmosphere = Ng. 
Temperatures S0.4®C. 
ma€«r m ®f nitrogen* I» atdition t# 0*03 
aiHiwi®!## :4a m% #4i« mmk fl»ik $o»-
t®la«d pfe®ipbat# bttff«r at gi f»&i losi,' 
a#II ta tto@ ©thw -sit# rnm^ iistillti wt-».* 
Aft®r tli« mi tipfM i»t«> tfet 
»iii» ami mThon di©xi4e woltitloa aisi»#t fm 
m At. t:ii|.« tin# tfe# atl€ «mi .t€d«t !©• 
tb« «iii rtftotanti la ord@^ to stop |li« mM r«l««i8# 
ftair Mmttt fsrboa dioxide*, 
I'i%.iit4@asti0tt ©f th® «mttrial toataliiiBg thm fey 
»t&ai of precipitation ifith ansxaonim ittlfat© was. oarriod 
»«t, ' .w^witi #f laitsftiw, twlfsf#' wti*# mdM t®- a 
solution containing the enzyme. The fraotioai whMh pi»e»' 
•elfitsttt wm* 0oll@9t#t m»i the ©xftlnoitl©. 
mtkwltf mi eaoh dstsrainsd* Tabl© 9 ite©*® th« Wftil.ti 
©fetaiaM toy this method, '^e fraction praoipitatinf 
,5S a»d 40, .§ pfr itat i»t«i«t4#a vm ths ,s««t &©t4f#. ®iii 
fraotioa. wai for furthtr purification* 
4ft«r .tlaifii* and tr««tetat with mi& to .rid th# 
pFfpamtiefi of m atieh iaaotiT# mt#rial m p§.*tl%l.«, tmr**-
%h$r pttrifieatioa -msi, tfftattd W ia#ma® &t .&ii#nil4©a ©a 
alwlaii gj..* fr««ta«t «f th» pr^arstita with a ttmll. 
m&vint ef alumina Sj., followet hy treataent with m lm?§m 
m^mt, .riimltfd 1» p»mt fmrlfieation. fh® talk ftf thi 
«t4yit|' wM' ftwd i». tfe« :s-«i©»d frattlta... »tr€ <ir fe^tfe 
fable 9 
Wm&rboxyl&se Activity of imlfittt 
Precipitated Fractions 
Per Gent Saturation 
with A®ft©aiu» Sulfate 
nitrogen 
in Sample, GO3 gvolved, 
til per 20 ®in. 
Activity, 
Ml CO3 
per Kg 
litrogea 
16.5 0.069 13 188 
36.5 0.062 a) 323 
S3.4 0.084 77 917 
36.4 0.099 99 1000 
38.0 0.088 252 2864 
40.8 0.050 287 5740 
45.0 0.070 64 914 
50.0 0.095 50 526 
75.0 0.092 47 511 
Cell, lyted, l§ «§ 1.048 314 299 
Each flask contained 0.02 laM o»:alaoetate, 0,25 sM phos­
phate buffer, pH 6.8, 0,002 inM MnSOA, 0.3 ml of 12 H H2SO4 
ia side arm, enzyme fraction as indicated and distilled 
water to 2.3 ml. Time = 20 min. Atmosphere - Ho. fencer* 
atw# = 30.4®0, 
iftdaorptions oontalned llttl© sctiy® taipii, Slution iritk 
ftediphatt mt a pi :r##w«rst tfa«'mtllylty Mwm 1%® 
mlmim g«l. 4 iiiigl® tlution w® ®atisf®0tGr|-|. 
tr^feent did .a«t reeover further activity. 
:i» fisal, ft» f:roi#4w« tw purifiemttofi -tf the 
taiia# mM ms tm .ttllf ®f 
e» jgamitiktmmii wtr# ittipsadid im 200 ©f tis^ 
tlllM «t«r* I'iftf allliltt«r« ®#iitsiii-
lag t«B alixigpwi of aiAit* *ist«pe m$ 
•tirrtt im ^  mimutm at itt m rat# Jmit 
suffioltnt i© k^wp th® fw-m .settling out. 
fhl® ma tollo%f»|l fttolsg im mm 
m% a |.#»|»irst«r# tf 1**4°G for §§• 111 
it.if#, including ©entrifugation, smrritd ©ut St tMi» 
fii#- waftfial mt thm ipum t©« la ® 
irated centrifuge tfierating at 3000 WW. ftr 6© minutes, 
AltteStt^ til# m$i&m 0OBtai»M about » ftr ««ttt ©f tta« 
dti&rbostylas® aetlTltr, it **• dlioardtd b»oamgt® ©f 
®ulty in further separating th® active principle fr* tts# 
partiittiat# mttm* 
Solid aiaraoiiiu® sulfate was ttAdtd il©wly itftlil 
fupwiiatiiiit liquid ofetain^d ia tlie pfmimm. 
«i fS p»r 0»ftt iaturattd aad ^mctititlli' lai f&i pi»@t.#l8 
preoi^jltated. fhis operation mi ti.fifl.it m% ia m 
•with tilt -mlmtim feting ©©a»ta-»tl|' m% a rat«- slow 
taetigh te pTWfmt Itet mtmiMl m$ ©eatFlfuitd 
at TOO WM fm 60 slnttt-if t® a.«payatt tli« prtelpitafta 
pi'otiitt fpm tilt iel,tttl03fi.t 
fh# rtfidtti trm flilt wii 
la fS •sillilltsri ©f 0«X M pliogpl»|« "btiffti*,, pH 6»i.» Any 
a©l3i*ii irlitiih 4ii ii@t f© In!© i©l«tl©n m» @eii%i»lftigeA ©ff 
*1 10,.000- WU ftr m mimtm aat t|,iew€«d. fh@ prwriomi 
eeatFlfMffttieni mp% i#a,«#iat tiffieult &m t© Ilit large 
momt @f mtmi&l Imrelv-tt# It 
tlitrefert, t© mt %%%» last #«it?-'ifw,^tl6n, siii@® It 
I f i f e l f ' t d  im l l t r  momts  &f  u s t t r l a l  md  a  fe l f l i®! '  i p t ed . ,  md  
$M&0 w»$ mm Bftmtlm ia tb® ioliitlon »f l?lti #1' 
etllmlajp -itoleii my Mm %«®n @ai»rl®a altag* 
S#lll mmmim ittlfstt aMsi. t® th© imp'«matmnt 
liquid »til 30 ptr ewt iatttrntleii mm rmtih^A* fh« solid 
rm$mt ma ti#®d st a seltttion in. or€®r t# k««p th« 
ir0l»® as inall mn psiiiljl®, ifytai 30 per t«at ••atwatioa,. 
a «atti3»t®d »©lmti©tt ©f saaoniw sulfate ms tt®«A 
ia 0r4®r %Q prtTtnt th«, AtTtlepstnt #f Isoal artat ®f WLgli 
m th:® 3?«gi#tt^«if appp0aih®4 wh.®i»#lii the aetlt® 
pi^eipitat®, th& asire® #f satiaimtioii 
i»®a0h®d S8 pm etnt tli® pi»®®lpit&tea pr#t«iR va« ©eatriftigtd 
off at 10,000 'RPM t&p go Binmt®#* fb® tiip®«at8at •olation 
was fartMr frsotionattd with fatuiwttA awieiiliMs eiilfAt® 
ant 11 tfa# te©?'#® $atiai*ali©ii mmh%& 40.,..i pes? $@iit» 
porfeloe pfiitpitattog M 40,s ^tr ©«iit m$ 
&ifg, m%. 10^000 1f» im m tRt 
fbt pi»«elpit®t@a protfltt mS' tlssolTtd im ^ allXi* 
littrs #f 0.^1 * pi i*s, m^mi^ 
WM ia tiittiagf msing sad ilaiirt-it aptiftit 
lltwf @f distilled wt#*** wat®y wg fli»ag«d tkr®t 
timm ltM3?iWf Ikt ii&lfili, Si# m» mmM ©at 
ia 8 rtfrigtratop la ©rdtr tt ktfp tk® fi»®a 
ri«i»i 4^c. tia#. #f tlAii'Sli m# aiftt 6©ii»*^ 
p.«i@4 tf :®tifti0itHt dttratlon i# that mmf »«lt» whioh 
»i^t |jit©f"ftp6 ia the Bl-rnXm gtl &m&wptim w#rs 
iialytlft &li# ridi th® 
««-ii iitarfeexylaii. 
ftos- •fwttitft m» M|tt«t.#d t# fE &#l I>|* th® 
miAitim i li3rdi»©®tiloyi« wit, ®ii rtimltiat p#^#eipl» 
tati mi #tatrlfwi«t #ff «t lo^ooo tmp 20 «irttt®s» tm# 
prt0ipital'» m« dli#a3?t«t «« it ©-tatnliied togtlj iaastiv# 
fpottin, f©r %m sillilittr® #f •mp«raatant liquid^ 
0,1 »illillt«r vt iilttiiiift % m» ait«A, aixtw® mt 
itifpti slowly |» an ioe-Mth for 30 islamtfi aat @«a* 
irlfngtd. .•i^#rmtiob to® r«p®sited #» t&t r#imltiag 
i«0ept that #i« attlilit^ <&f Sj pm 
t» aillillters of liquid ms used, fiit ft^ adt#.F^«t %h® 
lli[|i©a mt mt %f stlirriag tfe-e 
.ftdiorbti m siwima % with W »iililitt#»s tf ©.1 1 
phosplmt® buffer, pH ffe« matsria.! mi ©©ntrlfmgit 
sttA tut All •t'ip# 
•iaT'tog the adaorptloa tmt «l\ition prw'#t»ts wfre 'QsmM 
#ttt at 10,000 ifi fsr ^ stliiali» hy 
fraction and the aupernata®! liquid obtaiilM 
&ft®r thf »mm& &m&rptim ©outmifiet iusip if leant aatiiii*# 
©f wtifity, 
fii# ft'lttsiflt, €i.is0lT«t ia^ m* 
twrnm «t la th# i«ip It 
tie.ally fill aeti^ity for at l«a«t » ¥««!:, ®«tiirity 
r$®w#rt4 twring th« pro© ©awe i« «ly abeit t-^ p#i? o«at. 
4t l,^tt a l§C3*:f#l.i. irnmmm M astlirity it olilaiatt, how*' 
frtr. fhi proe®d«re mlio eliminates a Jii»b«r ©f ®tfe«r 
®»«ya«t whiili' al^t is Iht 4t*«miait1ii0S of 
o»la0®tii 4#f®i%03^1as« motitlly, •ia'la ia* 
TolTing the' m$fm& in varioui itsfss of pwrifioatioa .*r« 
fifta ia 'Iftblf It# 
A iimab«i» of ©har«|«riiti®i of th# mgym^ •teTi beta 
t®tateliih®€ i® thi past, with ipn^armtions of l«gs purity. 
Sfftral of th»i'® ©Mraslfriitio# wmm r#H8h®«t#t with th# 
mmfrne ohtaisti ta tii« froitdtir® Aiforibta, la KO#t 
oonp-mfslilt r«:«ults *#r» ms. %& mM$t 
fam« 10 
Activity of Various Fractions Obtained duriag tit# 
Piirifloation of Oxalacetic Decarboxylase 
Total Hitrogen Carbon Diox- Activity, Per 
fra©ti®a Nitrogen, in Saaple, ide Evolved, jul CO2 per Gent 
mg ____ ®g yl per H) min. jag Mitrogen Recovery 
Lyophiliaed cells, 10 gs 1004.00 0.S02 125 S4S im 
Lysing residue 891.46 0.317 37 171 60.98 
Lysing supernatant 75.63 0.080 85 1062 32.13 
75 per cent {HH4)oS04 aat-
ur^tion fi.,oi. 0,10s 116 IIGS SI,. 42 
38 per cent gmt-
uTRtion m.m 0.100 63 630 8.9*! 
Superaatant from 38 per 
cent (^4)0804 saturati®» 
40.8 per cent (MH4)gS04 
31. s# O.Otl 144 l®it It. if 
sattiration O.Of® 3Si 5066 12.98 
Sternatant from 40,8 per 
ceat {NH4.)pS04 saturation 18.99 0.043 38 883 6.71 
Precipitated at pH 5.1 1.84 0.067 60 896 0,56 
First alumina G» adsorption 0.61 0.018 84 4667 1.13 
Second altamina Cj adsorp­
tion 0,'S9 0.016 ^40i 35562 10,1.3 
Superaatant ^om second 
O.tl alumina adsorption 0.041 m- '9m 
For activity tests ^eh flask contained 0.02 sM oxalacetate, 0,25 ^  phosphate, 
pH 6.8, 0.003 0. ^ ^0. of 1^ ^  irn eide srsij, enj^ysie fraction indi^ 
cated, and distlllM wter to 2.3 ml. Tliae = 20 mintites. Atmosphere = %. Temper­
ature = II0,4®C. 
witte mtm with, #r#» #"lii«r $mmm* 
fl»« effect of inopganio itni upon mzym* «ass 
• fk# la®LetiTt li tm afe«w« 
of iiiorganie ions, preferably divalent ions, Ifet activator 
#f J.« Mi"""*"®!*©' geot -rtftilti.., 
'fhi» aotiTitj obtaJjifA in tli# pr©i»a©® of l« approxiaati* 
ly tlaree-fourths that obtained with fh© effeot ©f 
thii# ioag mpii mt^m aetiirlti' i* .ilitnii ia fifiii*# E* 
Ihese results are similar to results obtate.fi hf Irai^lti 
.»»€. wtwmm -A# flTft ifewit itemt 
w#r# aottmtor# for the femd m M» .irysmaikti&tti., 
In th,f fat# m the oxalaoetio deoarboxylas® »f 4. lUtiSlttl* 
'ii&iffftrf flattt :a»€ liar% (3.^49) stmli 4mm&tmt0 
tial activation on the addition lif althoui^ the «si|W# 
mi fttllf aetiti to tfc# fytieiiftt ef #?• m*** 
Spmk (194©) studied in considerable detail fh# effect of 
various ions on the enayaatio deoarboxylation 0i oscalacetic 
aeli by a obtained fro» M amber 
®f divalent iona, particularly Hn'^'*';| Oa"^"^* Mi"*"*., 
W«p* bat trivalent fallei t® gi*® 
si^ifioant activation, 
Plaut and Lardy (1949) reported a 15-fold inorta*# 4a 
activity #f tkt t3P#a 4. -^.inelaadil 
borate buffer mi ittbstittttfd for phosphate buffer. 
amthiors believe %lm% the m%fm^ iatoibitei by yfc#iphat«|„ 
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Figure 2. Effect of Inorganic Ions, Biotin, and Succinate-
Borate Buffer on Oxalacetic Decarboxylase. 
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thuf scoountlng for th® different# la aotivity* •&«§-« 
$M #0tlTltj mm ii#t with tht eatpst @f 
E» l^soAalktiott#. p»mt@y aetiirlty mi ©btateet 
with s«#©lBiat«»ls®m%« Mff©r m ife#w in Fig«r« t» Th® 
mtlritf ©"btainti in phssplmtt fettffti*, hdwwtr^ It 
©ately 95 per o@ut that ol^tained when the reaction ii tsfw 
ri®a. mt im M ttel« 
phiit# sannot fe# oonsiderea inhil5ltor,f to thi 
data th Figur# i were obtained hy setting 
fiftgki ,|» «# tint at tfc# m€ #f t« 
iattwals msld d»til4 W MdM t© » fXask. t# "any 
tl®iiid« to Wmh itmk 
O.OS ailliaoX# of #»la0#tattt ^•^'4 »illi«0l© ph©sphat® 
«f mt fi s,i aiiiixittr @f it :i suxftin® 
Mii 'ill thf iidt apa, «iii.y*« fimetiutt ©tatalnih® 0,018 
aillig3*affi ©f nltrogtu, -rarioti# attlttohf and distilled miti* 
t# ©©bomtrttioai #f t^s ?»*#«• 
sddltl©fif wm^ a# .fellow#s 0,002 @f aaa^ems 
imlfatt, C5.*©dii »llll*ti« of «0lJ®ltom« thltrldt, 0*00g 
allltetl# #f mpitfima lalfstti «t 0.§1 miw^aii if 
la the flaik# iB-roiving swelJJat®»'boi*at«| G,§4 ®S.ill»ol« &f 
th# Wftir m» iiAi«4.. 
Sws#ia.atiN-fe®Mt« huft»r m§ pmp^mi by ®iJEing SOO 
«411ilit«»s ©f 0*1 * «©dim iuealRatt and 600 alllilltiW 
#f ©,1 1 laoFls .»ld.. ft® g&listloji *a# sdjastsi t# 'fft i.'S 
hy tlii tddltlon Of 0.1 I hydrochloric acid. 
«sy»# ii Asiiv# mm •» relatively iarg« tmg» 
ft# iji, laxlaim aetivity was found mmt neutrality %m% g@@t 
activity ms obtained between fl 5.3 and 8*^ m la 
flg^# fiinii «r« %w '«a'.iy«« attlvity 
in tfef atml tx®«pt that tti« fl @f the buffer v«fl#d 
fwm flatk %t Istife flmM t#ttt*l8-$i.CI.0l8 milli^aa 
ef a|tr#g®a lii th® fraetioa. 
I»tty msfm% iyst®®fi ar« afftattd %f tlit -aft ©f tM# 
a#t 
%!• thii faster, hmmmf !» «3i^j'«ri®«nts ©oa-* 
with iyiii. tf iMftiftjpt iiB». mthisr thaa th« 
f«irt tnzym®, «© differenoes la activity t«>uM b« 4«©m-» 
itratft 1» o®lli li«rv®it®d Ig-^hotir ititervalt a:f%«r 
|ii«Mtl#a pirlfi# vatfteg If •!# 'ft &©»§• ,S1»# 
tkB yl@Xd &f 9®lli ti gemtmt mttm m m ft %&m§ 
It mw tmrnl^B to ust tlier #«li» iA,m wtiag 
with this iiityM#* 
mtrnt .qf .b.i0tiii.,m...aitq&rboxvlfta® ftetivita-
ita## biotin funotions carbe« dioxide fljKatlon and 
®»lai@tl@ 4tisr%^.lai« tatalytt-i th# fixatisn 
df ©arboa ii»id® into ©atalasetl© aold as wtll *• tli« 
boxylatiofi #f the aoid, the relation of biotin t@ the p«ri'*» 
flit •»«?»• mi •itatt'ft,  ^ |I.S4?| ijad shmm 
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Figure 3, Effect of pH on Oxalacetic Decarboxylase. 
( 
that oxalaoetio decarboxylase notl^lty mi diminished iJi 
the llTers of blotln-deflolent turkeys. Other workers alio 
this ©«fs«« to be dipendent m. biotla* 
Bit addition Of iDure blot In to the enzyae i» 4«tiypbox^* ' 
ylatioa., ej^ erlsentf failed to stiaiaat# #itlTlty, fable 11. 
shows that mo enhancement of oxalaoetio acid decarboxylatloii 
resulted whtm oonoentrations of blot in varying froia 0.0001 to 
1.0 wioro^s* per twp were tu o^rAer to fhe«,k the 
Bibillty thftl wall staounte @f residual biotin preset ia the 
«tf«t «lght b# the rtaot4®».| afldHi 
mi &tt©d I® bind of the Titamin present, S# inhililtioii 
#f aellYlty resiilted when purified avidin or a fnsde pr^iurat-
tion ®f tit white wsi adi'td*. msAte iadlostt thaii 
biotin i@ »#t involved in oxalaoetio teoarboxylsi# motivity. 
BtnilMr 'rtiult® Mm b«« ihova by fl@«t ttd .lArdy «t by 
fewttesland i^lth enzymes from other sources. 
Is a further oheok on, the possible relationship of bio*^ 
tlB m»t .omlao^etlii deoarboxyls*.#, nisays were onarriei .#at 
to detemia# th# .amount of biotin present at vitrloiii «t»g«s 
in the ptiri#l«alioa »root»«* As purificatioB frsseeti, the 
relative aaoimt of biotin present should Increase. M iht-wii 
la liable this found to bt the oai-t. Hie oppo*' 
•site •«e»® t® be twe. fh# momt of %is:tiii per u»lt o# 
nitrogen mi well m the »»oia.t on the b*ii# of activity 
decreatef, Mm% of the biollii orlgiaaily pre««t li loit 
^-f4r 
fublt IX 
Sffeot of Blotin on Decarboxylation 
Oxalacetate hy Purified Snayme 
Sai%#a Dioxide SfeiTet, 
1^ 1 
Snzyae only 367 g§4 
Enzysie + .0001 jug blotin 376 S47 . 
Eftzpae + .001 blotin 390 
Snzyae + .01 )ig blotin 366 mt 
Enzyme + .1 )ttg blotin 384 
SnEyme + jag biotin 363 
Snzyme + 0.3 ag avidin 367 
Enjcyme + 100 mg egg whit® S55 
Snzyae + 100 mg boiled egg wtetti 253 
Each flask contained 0.02 mM oxalaoetate, 0,25 sM phos*-
phate buffer, pH 6.8, 0,000 mH mSOA, 0.3 lal of 12 K H2SO4 
in side arm, enzyme as indicatecL and distilled water to 2.3 
ml. fiiae = 20 ©inutes. Atmosphere = Mo. Temperature = 
30.40c. 
Sxpt. 1, 0.0527 m$ N per flai&» 
Expt. t. 0.0300 mg n per flaiJk, 
m¥U 12 
Relationship of Biotln Content ittsi'ttstle Aeti^ity 
Fraotion Biotin Content, 
lajig per 
litrogtn 
Activity, 
Ml CO2 
per Kg 
Hitrofte 
Ijyophillsfd cells 4»8S 249 
%f$Mg •I'tsidue S,Bf in 
Eiyiiag supernatasi 0,$f I06g 
76 per oent (NH4|ftS§4 satu­
ration o,m 1X00 
^8 per etfll iMMA)pB§A satu­
ration 6m 
Supernatant from S8 per ftill {11114)2304 saturation 0..^' 15Q2 
40.8 per o«at |iS4.)gS#4, 
uratlon O.ll BQ$$ 
iupernatant from 40,8 per 
oent (NH4)gS04 saturation Qm S83 
FrtsipiMt'ii «t pi i,l o.m Bm 
f irtt almaina Sj Miorption 4$$f 
alwiaa §g 2m$t 
Supernatant from aeoond 
alumina Oj adsorption o.m mf 
dtiPiag IM piirifloati0« pmmm, fa@t that lii&tjji. ©.en* 
tfiit mm aot tRcr©a.»® along with aetiTltr ii aMft 
%Mt tilt §f blotia a^ttirity ig atl @xa3.*» 
® o ©t io titarboxylai «. 
Attaffifei M .f ijE, M.»iA«,.:.,ift iaiiy^.tiit„ ,a^M 
ffc# purified taipit wai t® t«« if It teat ffe© 
abllitr tarlw ti@xit«» , fetMag® 
bd&ry mth0n mr€ earritd oat m pt'Wimsly tis«rib«d.. 
Table XS 'Awf til® ©f twf gifarate f3Ep«]Pl»«t« ®ai»-' 
ri®4 ««t with mzjm^ pmpm&MmM, flmtim ti4 
«©t ®§0«r in fifty east,,, erta whm bl^tiii., aitiiosiii# tripli©!-
w fltti aitaoiia# iFipteespliate m& at4®t, 
fh® rtsttlts iiitoat® %m poatibilitlts. firtt, tbat 
til# ftuAititfti whi^h Ifce «^#i»i®tats wtrt rtia 
ittt t© permit fixatioft t© oocur; %hm% iS|, timt 
th# addition ©f ©©-faotori sm#li at blotiii ®r at«ii»»iis:# 
triflieaptiatft wa» a©t a4«fwt«, S#0#iiaiyy tte# ««ya« tml.-
a»®tmt@ deoarboxylast aay not fet the ©r,. at ieast, 
tlii ealy -iaTtXir-tt in mwhm didxlt# fimti«. 
fke p^siibility that a ooxipling enzymt is ft'«e©i,sary 
t® siari^' i^ttt tH® fi»ti@ii 0f tarbos iieaiit® Ie #xala$®ti® 
a@iA »a«| b# ©oaiiltrfi. 
fable U 
Fixation of 0^^02 in Oxalaoetio Aiid 
fey Purirled Bngjme 
Experiment I n 
fixed 
Oxal-
aoetate 
Remaining 
m *0^^ rixet 
Oxal-
acetate 
Remaining 
• •  r t  
Snzyme only 0.04 0.728 o.ot o.sss 
Snzyme + 0,2 
>ig felotin 0.02 0.W 0.04 o.iti 
+ 0.0s 
i« A® 0*01 0.718 0.0a 0.714 
Enzyme -»• 0.2 
Jig feiotin + 
0.02 m AW Q,m Mm .^0,03 0.6$S 
*?altt«s •«?# glrm &i atoa pm sent 
Eaoh flask contained 1,50 laM oxalaoetat©, 0.60 mM pyn*-
r&te, 0.75 m phosphate feufffr, pH 6.8, 1.20 mM NaHO^Sog 
(9.82 atom per osnt excess 0^*5, .048 mM MnSO^.^ and ensyrae. 
Total volume = S) ml. Time = 20 miniates. Atmosphere = N2. 
Temperature = S0.4®C. 
nipt. 0.159 iif i per flaa^» 
Ss^t. 0. 0. goo ag i per flaefe. 
Activity = 21460. 
Activity = 25562. 
irlth OeXls Deficient li , 
fI, i, iiiliM I,til, A,., 
tl»@« It -witf shown, that biotln itiatl&tei th# ^$wth 
© f  . . g #  I f g e l L & i k i M i t i i . , .  W k 9  t t » t #  t #  i . « f a  
which contained U sub-optImt® aat©«ttt of biotln. Thus stud-
iei 'be m$M» the ytimfiefti. ®f #tlli Im l». 
bietlii m&%m% with those of oells containing 4 norml 
mnount ®f bistin. 
A te i*M In fitialii with 
.it*. &3^blfi@8y m§ imresti^ted, with thi rnmitUrn tf mgaF t® 
% selld hfii'iiXy.fat® tewed m the 
sottro# ©f aain© aeidi, failftt,.. 
hQwwer, le produce «©» fhw m a.lii|««a mmtit wf .irowth 
m thlB #lh«* aediii w«i*t tried and btit 
gr'Wth mu obtaiii'Sd peptone and yewt .eiet^fmtt we .ia-
©ItidM,* S4»# thtft ttaierials Iht b««t grwih ©f 
th# wpin|»a,| It g.«fmed logical that a p#d iostld be 
d'ifriifi by inelmdiag b©th p^tcsne and fm$% I# the 
bl#tia. .In .fhete ttmlt fitst b# larfelf ffa#f«€• 
Consequentli-, a method I© eliminate most of the biotln bf 
adsorbing it ta tharcoal m# 
-pmaii feptone (or y»a.g%. were 
la l@0 ffiilliliters #f distilled mter, Ifet reaction «f the 
s@lmtl@tt m9 atjmited t# fi with ^milal asit* 
flirt ^m$ 9f ierlVA w«i*# mti«4 and tb# mimMmrt itlrjfsA 
s^effeaB.issll.y mw m ffat Mitrial »i with 
ftiotiom timm0 Wk^Mm i#, % f$X%m 
being aitfi by the addition of Filter-Oel. 
fJa« pM #f tli# filtfati ms MlmitM t# S..8 wltk #a®ial 
'a©it* 'fit© gr»a« ®f Korit-A w«« 
mA m "bei&m* fUm 
iwm flltratiw *fs*® »ife«aL wltk t« mill illter« «f 
aiiitill@A wtftr mi. th» iiashing® sMti, te th» filt»ti> fke. 
pi #f t&# fii'tipftt# ,i«.s aAlwi'ttt t@ witb iO 1 804i«ii 
iiytrexit® ftai iiltittt t# lid ®lllilit«i*t wltli' dlslilltt 
mt«r i@ tli&.| -mMh ^ 0f 0istttmlii«i ftp-
prtxiaaitXy m9 ^mm t# amftriaS,. fta« ftlmti#a 
«@iit#4ai»f ms taiily ftltfr»t| tM fm^t 
fmw m fiire ii* 0Mm t& 
•tbtaiii. A filtrate. 
iMwtd tlmt tifet f#--
tmtet UmAtlsally tM« ..«©«% sf bietin. ia eithw 
psptm^ m extract. -Other f«i©t©rt wtrt ali© r«©f"«4, 
bmt ®#BI,A b# batl m ttot a 
food ©powth m§ obtained. 
f&hlM 14 «^@irg tki »©wit »f bietift fs«mt %m. ti*tat«t 
aad »st#r.iai ai dettinlufi by «««« #f aitmy 
1. rigur®i'#bliiia»t ia th# ®iimy ®f «tthydl»olri«d 
aatft^'ial m wtll a# tJaeit ©bta.ia.it &ft«r ^irtlygis with 
f atole 14 
ilttia 0#ntent ef m^im§ Mm&timmts of til® i-«aiw 
Oonstituent Biotin tser Gra® #f try Itight, 
m 
Korit-treated yeast extract 0.007 0.034 
Untreated ysait 0,B9§ o.iSt 
Jiorit-ti»«.st#€ p^-fcea© 0.004, 0.03? 
Untreated peptone O.ISO 0.440 
"Bifm 0.002 
% 
imlfmrl® atia are Inoludet im mmprnwism.. Sine# msssp wmi 
Included in the medium ©a itoioh lygoAeiktiBttt mi grow,, 
a saapl-t ©f tliii ^atsrlAl m« &li# agt&rti Sm biotin. fli« 
Will# obtain©# is very low sad tliminates th@ possibility ©f 
@'0»tiaimlioa tf th® .aediu® by biotin prestat ia the 
lEp®ri»«ntfl w«p® 0ayritd out i» whidii it mi wtab^^ 
ligkdd that good p»@irlii #f lMOdsil:'l.i@MB #@ult bt eb-
taia«d 61 & solid eotttai»,iii,f textFos#,. tap wmtm, 
agar, distilled nattJ?,. charooal-treated pi^t®tt® and ytatt 
9'xtwmt^ a solttti®!! #f aiinisj^ gmaint and uraeil^ and 
-rltiuaihi, includiiig biotin. 
fht atthod lifti in d®te»lftiiig th« #ftfv.all rtquir#-
a^tnti for a »tti«» preiiietog ©ptiai» ^ttwth mf a@ fellow® t 
th® mtdiwa, totalling five millilitert, mi ilaaied in -pfwm 
ttit tmbfi and iao^ulattd with a singl# drop trm a •tand^ 
ardlsii pipette, ly tipping the tube i© that tht inooulum 
t©aeiitd the entire surface of the agar, adequat® inoculation 
was insurtt. inosttlu® ma prtpartl a g4^h©ttf 
tmltir# «f lrsad»iktiamg grown m m ilant, fh® 
ealla wm6 imsptnttt in tea willilittrt ©f distillat mtej?#. 
oentrifuftd., -and i»«s-mspend«i in li aillilitars of diitillfd 
water. A di»@p ®f this iuspensiom tiaad for inoculation, 
fh© tubes were intttb&ttd at Sf®'§ ami @h#©lid vifmally at i4, 
4S,, and f2 h#«ri« the •^«wth ms ^ahed twm :#afh giant 
after ft hours ami imsptadid in ten sillilitert ©f diitllled 
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m%m, ttirfelAlty Wm r««mlting fmsfiiiti#® mi i*«at 
fablf if #&tm obtained in tills mf» fmm 
m» obtaln«a when elth«|» the ohareoal-treatea peptoa# #r 
fm§t, m%mw% alia# ms i® tht m#iiti®a 
of li@th t»mtM. p^teat mn& y«®st txti*a©t m both plms 
blot-ill tit a#t strt# !•# Wm addition ©f 
th# #b«f« e^esititrnttti, plus a solution o f  adenine, paaia®, 
and iipaoil i»«8talted In good growth. Slightly better p?©irth 
mm «b|m|a«t with b#tte ytsit mtmmt mA p«ft«a© 
|hf» with either teparately, Treated fmtt mt^mt pll« the 
»th#r lAmmm^ •%k>$ ptptofwiyriiBiiitti 
art blot in, resulted in considerably better gpewth t^ im» 
obtained treated f eptone replsoed the y#i!i.«t 
fhe *iti»|B ftlmlioft did a©t * p»«&t effett ^®b ,.^@wth, 
altli©tt#i MXlm iWBl} bat indioated ttott ftli$ a®id 
iat-ii p^wth »f ,1# ly.gQteiktia.ii®... 
Itee mMitlm. ©f other coaipotands to the medim 
did »tt produce 0?m%ev growth, fhe following ooa^otinds 
*«r« tritd., th# •awount® listed WiMg *ttst f#r^ fiif® nilli* 
liters ©f aedium; ammonlura ohloride, 0.05 ailligraw, 
thine :^i;»ihl:tri-A», O.OgS ttHligrfta.# »^e«i»». tilfmle.i 4 
®illi^a«i> i#iitt» @hloria®|. «il.lip»aS|^ 
0.2 milligr«.| and man^nous fulfate, 0.8 mllli^a^, 
-S3-
UhU U 
Wtfmt &i Various Constituents upon th© §r#wtii of 
liirtiooous lysodeiktious en Solid Itila 
Additions per 10 lal 
m 
i 4» 
ll. 
<tS to ©rH +3 O OS • 
r  
I  S i .  «  +3 10 
<SJ i~l 
oo U ' *»o 
B 
k 
to +atH 
m o 
aJ . ®o H 
•d +3 © o +9 Oi # li ® +3 
lO H 
«JO 
So 
«. 
+a (SS 
s a a  
B 
« C iO 
»HIO 
•n o 
lU 6 >>o ft-rt 
C H 
•H O fH( 
u m m  
Sk 
f 
sxmm 
o-H a a 
eO r-l OOfHO 
'»» 
I 
•a; 
» 
O tOH OOOOrH © 
E O 
^ • O 
•H 
M. 
^Colorimeter 
Reading 
t IS • 
X 
X 
X 
92 
12 
112 
X .X 15 
X X 22 
X X X 20 
X 
X 
I 
X 
X X 48 
18 
X X X 21 
X X X X 94 
.X X X 17 
X X X X 16 
X X X 25 
X X X X' ' 18 
X X X X X 49 
I I X X X 67 
X X X X X 83 
X X X X X 97 
, X X , X X m 
•Klett-Summereon readings at 660 mji. 
"X" indicates inolusion in the medium. 
Basal medium Included 0.05 g® dextrose, 0,i «1 tap 
mter, 0.075 gffi agar, and distilled water to 10 ml, 
Furine-pyrimldine solution contained 1 rag @# 
adenine, guanine, and uracil per ml. 
Vitamin solution contained th© following amounts per al: 
PABA, 1 jxg^ Cb. psntothen&te, 5 MS# f^llo Ecid, 0.02 MS$ 
alcotinlo aeid, 5.0 jig, pyrldoxlne HCl, 10 juig, rlboflaTln, 
i Jig, and thiamine HCl, 5 >ig. 
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fli« 0®lls giwwi m the fitylow atAlft w»rt «if«y«d for 
I>i0tln mntmt aad dlfftreii®«« w#i»« wttA* 
0®lli grow m til® a© l^letlR wm added eon-
•talftfid T«y3r iaall aaomts ©f M©tla«- fli«« %h9 ».«di.iai to 
whleh ©Isl© and aiparti© aeldi if«r® add#d profid.@d 9©asld»*^ 
rieldi of ®«ll® Ml wltli Itwtr feiolitt ©csat^nt^ 
tliaii tli#s« p»ow» m aedla kmi&g g»alX memM of tolotln. 
added, fabl# 16 ,i*«i®i?di Iteta ©:oiif.#i»aiiig •txper.iseftts. 
The '©ellf tistd In tfe® fellwliig «xp«riatats w«*# grown 
on th® feftinl m®dl«iB t© wbloh.agpartl§ and ©iti® melds, femt 
li© tolotln^ wtr® &dd'«d* 'a® aeldi wtr® nemtmllffd toefer® 
addition to tia# aedlw* 
in,. 
0«llt ®f l^ow Ijiotln eoiittat, lit tli® a®otmt of 
"biotin prtstnt i« mlf alJOit fife p«i* ©«jat that of mrml 
e@llt,p w«i»« af®d to ©h#i.& the posslfelllty that "blotln turn* 
tloas la tbe i,jattet8l0 of omlsottlo d®sw"bo:«yX^i®». If 
"blatlR does fonotloii la tfeli wmmit^ iflls gpom oa mtdia 
low In Ijlotia fho-'Mld eontalft riduotd aaomats mzfm®, 
fht dtuarboxyla®:® .a©tl*ritr Of ' ' felotlii*d«flol@mt 0®lls 
mi mfasttj»®d aad oo^srtd with tbat ©f i«lls •oontftlnlag 
iitiml amomattf of %iotlm». fal>l« If to®Q3fpoyat#i .^ta 
taln®d in «^'ti*iffl®at8 of tfel» t^p®. Hi 't» t^pwiafati 
Table li 
fi«lds .ftiii iontent ©f Otlli 
Adti'tlons to BasaX 
per Liter 
yield, 
Lyophilized GelXf 
per Roux Bottle| 
St# 
Biotin 
Content, 
m 
o,.©i m m O.liO 
liotin, W Pf 209 0.43§ 
liotin.^^ tm »g Its 0,410 
Ol0ic acid, 40 mg, 
aspartio acid, 200 ng im o»ogo 
oelXs (grown oa 
gltteose nmtrient agar) 
fable 17 
Btoarboxylatlon of Oxalaoetio Acid by toM BlotIn aat 
Hlgfe Btotlft Cells of Mieg'oeoQQUB lyiOdfeikti<mB 
Dioxlda ©r©lT«d» 
1 
ligte biotin cells 84? 211 
ligli biotla -»• 0,,001 |if bietln 243 m§ 
II# biotin oella + 2,& »g airititt: m 22S 
%m biotin cells 244 220 
telli • 0,001 bifttia i®l m 
%m bitt.in f illfi -• 0.1 aTldln 244 , 203 
Each flask oontained 0.02 mM oxalaoetat©, O.gg kM plw>s» 
phate buffer, pH 6.8, 0.002 aiM MnS04- 0.3 ml 12 H HgSOA to 
side am, 10 mg lysed eells, and distilled water to '2.3 «!• 
Times ^ mln. {Expt. 1), 16 sin. <Sxpt, 2); Atmosphere = 
%> Ttuperature - 30.4®C. 
Biotin content of cells: 
High biotin cells - 0.435 mpif per «f oellg. 
Low biotin cells - 0.020 rapg per ag cells. 
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blot in and high hiotin @tlli txbihlted ii® aiffereaoii 4i4 
fit ,«hwa la M mi. imlittt 
•because they weight to the evldenc© tl»t blot in is not 
rel&tfd to oaiw.«tio 
MimMm M.. blfttiE 
IHfe# mrk with biotln-deficltat ##il« alttti t# th# 
ividenoe established with the purified enzyme that bletih 
m»A t«isrb«iatyXa®t art »ot 
t© bf tlffereaeei |« .#thir typtt @f a#t.|vltr la 
the two types of cells, howit^^ suoh a@ differences in 
fh# r»t« @f txidatlia &f 
tion mi checked, therefore, to detersiine if ther® w«r« 
diffi^«#«8 .Is tta# ability #f- til# #«lls 'to f:l» iarb®a ti«* 
14# into Qxalwttlo meld* 
fable 19 shows the results of these experiments. The 
^Ihsbillty of biotln-dtflsltttt '*#• f$JE. ««»*»## iS«xii« 
Ii clearly indicated* llhen varying tiaounts 6f blotln sir# 
hmrevtr, pr#t#id«., te^eiidlag mp to a 
poiat on the amount of vitamin present, fhi fact %im$ 
biotin cauftd a, rapid mapmue in a ghort l|ii« <Kf«rtiient, 
flms "Ih© fMt thftt' th#' &i f§.mm t© ©#»••» 
latf with the amount of biotin added, indicate® that bittlB 
ia a rather dirt#-* mnmv is, the 'readtita. 
l:g 
Beoarboxylatlon of Oxalacetic Aoid by Low 
Slotin and High Biotln Cells of £. pentosanetm 
Dioxide trol^M, 
ni 
blO'tto §@lls 8i 
hm bio tin &mx$ m 
Cells grown with oleio aoid m 
Sonio juiat • high biotln cells 153 
f«ai@ |mi@f •- biotln ttlli tm 
Bach flask contained 0.02 ©M oxalaoetio acid, 0.25 mM 
phosphate buffer, pH 6.8, 0,002 mM MnS04, 0.3 ml 12 H H2SO4 
in side ana, 0.5 ml of 10 per oent suspension of oells or 
0.8 ml sonio Juioe and distilled water to 2.3 ml. fime = 60 
min.; Atmosphere = ^3; Temperature =30.4^0. 
The ^uioe was prepared by treatment in a Raytheon eonlc 
Tibrator using one-half as muoh ground glass as wet oells in 
twice the weight of distilled water. fJuae of treatment wai 
30 ain. Oentrifugation - 80 rain, at 10,000 RPM. 
Table It 
FiJc&tion of Gl3og in Oxalaoetie Acid by Low Blot In and 
High Bietitt o®Xls of lliiii*o®oaa'ui.a lyaQdoiktiatig 
*02-3 fix$€ 
&pt, 1 
Higji bio tin cells 0.14 
Low biotin oells 0,01 
Low Motin oells + 0.2 Hf blotln 0,18 
l»t. 2 
Low biotin oells 0.01 
Low biotin cells + 0.0001 jttg blotln 0.06 
Low biotin oells 0.001 jug biotin 0.08 
Low biotin cells + 0.01 jig biotin 0.11 
Lotf biotin oells +0.1 fig biotin 0.19 
Low biotin cells + 0.2 jag biotin 0.19 
•^Tallies are given as atom per cent e^tis, 
Sxpt. 1. Kaoh flask contained 1.30 ml! oxalaoetate, 0.4§ 
mK pyruyatSj 0,60 mM phosphate buffer, pfi 6.8, 0.60 mK 
= 9.S2 per eent), 220 sag of lysed cells and 
distilled water to 2d ml. Atmosphere =• 10 per cent OO2 in 
Hgj fime = 20 min,; Temperature = 30,4®C. 
Ixpt. 2. S^ch flask contained 1.50 sM oxalacetate, 
0.60 fflM pyruvate, 0.75 mM phosphate buffer, pH 6,8, 1.20 si 
KaHC^«50g {ol3 = g^gg pej* cent), 300 mg of lyged oells and 
distilled water to 30 ml. 
m. .lii , .atll 
Slnee It wm definitely shown that biotin Is involvtt 
I®' f-i»'ii#a ®f :tai%®a. , fmrtfetf* mn 
desired oonceraing the possiblity tlist It flinetions as » 
ooensyme. It has been shown in a number of oasos that 
bi»f,|a «i tte# #f tsptrtii astM.mFt .elosely ,r«^ 
lated, the ©it© of tstieis, ©f o©iEir««^ btiag tli# foramtiom 
#f omtmeti® a#|4 lAleh tt eoiwtrttfi to tfe© ®iiiao 
moid. CJpwth ®xp'@rliaeBt® witti 1, lyaMftikticmi iftdi$att€ 
»mh & rtlatloBiliip, lesting @#11 «aip#riM«ts w«r@ a.#rls@t, 
tii#r®f®r®, in 'wMife pfMti® mM #ptiw 'tei#mf%©as%s. wme 
laittbatM with high .aad low bietis cjtlli m& tfct itipartia 
ftaiti s^sgar^.* 
fhe ®xp@rSasiits w®r« «iarri®€ ©ttt in small Warbwf 
flasks containing a total -ralume of three milliliters ## 
»# *t», #f• tfe# flfttk, ttatmtett 
0,05 »illi®ol@ sf bttff«r, pi 0.1 Milli®ol® 
©f miSm. biimrbftaftl®, ^ *illigr*iM ©f ijitt •««lif aat 
various amoimts of bio tin or other atditioas. Ife# sit® a» 
oontained 0.1 tailliisole of sodium pyruvate which niis tipr.ed 
iB &itm ®f '%M Si® m$ 
%m ptr esnt earbon aiojsidt in nltmgm m& th® ttaperafart 
.30#4®€, 41 th« -lilt of 60 ateit## th# wemtlon pixtw© •*§• 
Imatdiattly 4«pr©tftot«a «it afisaytt f«r aspartlUi a®it 
mntmt wim 
ftot »f «p.trt«#iits ©f Itelf typt ar# sli#w i» 
Figw# 4. ft# pwiwllw #f te* awia# aeld Tiy @®lli p^w 
la til® pi»ei«ii®.« ®f an ©pt'iBiaa' @$fie«».ti?ati©i «i.f Isiotln It 
©emparM t© thiit pr®a«0i4 fey l8 ttt« printat# 
#f ttilf ©f %|6tiii iA-#s f'ljpioii# a4titi«::i »tt 
te tfe.® fiwi 1@« i 0pmm irlth 
suffiolent l^lotin I® which Tarious amounts of tlit vltasla 
w.^« atoi* ffes mkm @illj ,^®*s m tlit 
l«w biotin laedium. OurT® Ho. 3 represents lew blotln 
i>3.«« «»*ti #f biotin, m* i Motlii 
plus fmrXms^ #f #1®!® «©ldj iW# i#* i low biotin 
cells plus 0.002 laisrogram of biotin sat farloua amounts 
sftit mi. «w« »#. 4^. im biotin ttllt 
pla# 0,1 milligraia of oleic aeld m& various iw©mt« #f 
biotin f#r •fJ.atk, 
©ills ©oatalniag' Iw #f biotin onlj 
lalnutt m^mtB of aspartlo aeld. tttt addition ©f biotin 
t# rnii# tfet #f aifsrtlt.' tbt 
foriMNi being proportional t© tb# biotin added mp 
to A tirtftitt p#liit. f»A»r lb® (sosdltltBt wlojtd, tbt 
#pllw» aaomt of biotin 1# iligbtly mm- O.oot 
per flask. Larger amounts failed I® inorea®# furtb^ tb« 
yi«id of aiid. 
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Figure 4. Effect of Biotin and Oleic Acid on the 
Formation of Aspartlc Acid. 
Sells of high biotin content prodweed iongiderably 
m%mtM of aspartlo sold thait- tM It* ¥i.®tia 
The addition if biotin to these cells failed to lnor®ai« 
the formation of aspartio aoid. Apparently, thtse oell0 
ttntm.ia amewti of tiit tlMmim m»d fmrtktr. ad* 
ditl®B«- imre m #ff@et #ii^ th@ m$^9 Bjutm* ffe« 
mmm% a«p»tte a# Id f®w«d by «tlls 
upon the addition of biotin approached th® maount prodm@«d 
by cells p*@*n @a media containing adequate amounts of the 
The results also show that oleic aoid dots not itlaii* 
lalt th® firastion of mpmrtU- »ttt. ittthir 
nor inhibition results when oombinations #f oleio aoid «s.iid 
biotin are added to the syeto®, Althouj^ $. relationship 
biot^4» iiiid Oitli Mi bt« tte« 
eite of their interrelationship if not the gf#t#a lattlfljig 
mM 
Fipir® 6 r@pr»««ntf tt in iililtk the niparti# 
aoid forsi©d has been measured »8 a function #f Repll-
omt-it mm-§ W l» »t %h# -mmmt of 
afpartio m%€ f«wr«#d in ouauldtlTe tea^-iiiwt® Interrali 
aew'uret ^ the ireittt.ltn i» « fla#k «t the end #f 
«uoh periods. l«ir biotin oells were iurrt it, B, 
r^rettttting oelle without biotin, that only «a»il 
saoutttf of anpuriile *#14 mm It l.tf'tii off mfter 
-96-
60 
• 50 
40 
1= 20 
0 20 40 60 80 100 120 
T I M  E  ,  M l  N .  
Figure 5. Effect of Blotln on the Rate of Formation 
of Aspartio Acid. 
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approxiffiattlj a» h&m fail® t© ,riit Appi*®oiat>I^ mitm 
?r@'^aMr tM »ii#.«»ti Mi Mpartic acid 
•Art' •riJ?f limited maomts #f 'rtsiteal li#tia 
pr«s9ftt ia t&e 
Sttw# i#. %0 aipsrtie &«ia fey l.$^lsi@ti» 
@©lli t© *Mili 0.002 fiitwgr^a Qt bt©tia p«r f%mk ,3»« Mta 
atiftj a©ip« mat ti still f^iila-g •l#wly 
at tfe« #f It© iainutes» Approximately twtii t4»#i m§ 
mmh aipmrtlo SiiA imb famtt « *Mia "biotis mm ftHA-tA 
t© 111# iriW-ftea. 
M®tl» -mt .aiAii tt biotin-aefiai«at #«11» 
th# «xpirte#»t hAi w 4i miatlfs, rntlt 
m$ t*«aiat@ly enhmioed (curve Mo. g|. A otir-r# f@ 
•Utei ebtained when bio tin i0 added at the litginning #f the 
mmMA* total aiaoMiit: @f Mpsi^ti# mi^ 
fo»0a ii» ©f @wit, •^•#nsid«ra"bl3r l®ts, fki® 1« partially 
dm® t® »os«' ««y*® m well w t#' @ ih#3?fty 
tl»® ia,ttrral involvtd. 
fht sisip# #f th# #wrft r«s«ltiag Asm biotia ii mddtt 
t@ %Ub syit«tt :•»«•• t# tet »a |ap«ti«% ai I© *ti« 
ii#4p of action @f biotin. If biotln funotioas la m in-
Ai3f'«©.t^ 'mmmm it b«, ttet Ik# fwr« would 
eschitoit a i®fini%# «ia fmirly loag lag ptat# tht 
Utitarr® risei jpmpidly with ao instiltablt liif pl»«® ia a s»aii«r 
iaditmll*# #f 'H typ# #f 
MSGUiSIQI 
litloii ©f Blotla Is tfc# Fixation &t i»rfc#ii 
Wimii.6 la .itii 
irlAiiiftt Mm fc««a 'Wbitli |ji4i©al»i "biotto 
funstioiii «s a ftrntslfit tii lite A1-* 
ttfeti? to''® pointed %@ thi» ms m »lt® 
#f a#ti#» f9r tfc# w-iifsi-s li«® i» a@r« 
s@»@XmilVf, -First, this metabollo site feai %««ii aii^i»©w«4 
t@ « «»« rtaetle«| the utt ®f «viila t® 
tsiiiai bl^tia t# that ©ottld fe» ©teiWii mm*-
dlti©®« tiii ¥lt«ia ig .mt amilabit <l#a©sstrat#« m 
m&m spmiii& -itftatk. 
fki# possibility tfeat the effsot tf aTldLft #a th# 
rt&etida i® in:® t® Itt oombinaliat, with « ©thtr 
t&l» blotia merits oonsideration. Although hA§ 0Pm% 
specific binding power for blotin, it will ali# unit# with 
» mmwbtr «slspi#i #f the vittitiai- althtttgfe iti Affiaitj 
ftr thti# oompoundg is much less «t ##abination, th«r«f#l*#, 
l« of a »a#h tri^t ana ik#K« Ci;i4?) Mi 
Wri0%t §% s|i» itmditd the ooabinablXity » Iftrgi 
a»b®y^ of eoapomd® Mviag §.#«:• t© blotin.* -©Rly 
a liaitsA aiiaber ta^lbittt with 
sfiiiil, ©raphaslzlng Iht relative ifecifioity #f th® rtactioa. 
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©f 111# possible «alogues of blotin for whiok avidiis 
M* iOaa mffiiilli'i only t»@ #W fee- considered I# fe# of mf 
liaportanoe, Oxybiotin and dsathiobiotin hS'T# fe#®il gfeowi 
|o partially substitiite for biotin In a tm tli« 
'lattsr mi & ps'mmtem Jua tte® iyiitt©«|s #f the TitaaiS: 
Cfatuffl, If40). fhtre It m that txyblotiu ©ftmrs 
astwallyf ®3Ep#r|a#atallri, tl fea* slwayt b®«» 
a fyallifti© coapotmd. itathiobiotin femi b##ft i»fp®rt#d t© 
©cour mturally, but the eiridence for l&lt is vsry 
tlea&bl®, -fliai, amsMgii limited «©!ifeiasllott with wiSim 
&t ©ertain stmiottirally relsttd noapowiis tan oaowr^. th« 
tO'ifibllily .aidtr &m* mMMsms $$ 
Therefore, the avidin-biotin relationship ttwt b« eonfidtred 
to be specifio. 
Ishibition Of carbon dioxMt ftotlois rtittlttof 
wbm BVMiM is present is overoomt upon th« addition of 
biotim I© tilt fh%& tht ©Tidtao# that., 
biotin is %h0 oompound responsible for thf .»# 
#3qp»9r4ffient@ are ift mp -tn Ih® pr««ii« tli&l mwtAin biadi 
the bl©.tl» present M th« ©«lls iwkiag it 
able and added biotia 0mpm»mt$s for that bowiii by 
the prO:t#i».. fh# question hai btftt rai«#t thst iii til# 
i&s« where both afidta and biotin &we iipplied, the added 
fit&sin way aerely to# eombiaing with the mdded sytAln, 
the OFi:il,aai biotiR prtitnl la the eell free t# 
oarry out its function m function®. ®ili seems mlifetly, 
Xn tfef first plao©! It wnuld not explain the aetion in the 
ftait wh#rt a# tfet pm%tim 
blot in .s»4 avidin appears t# a rapid one,' %mmt 
stmAim tMnrnw and -Rmenkel-Oonrftt fltSlI #» fte« 
of tfe® avldin-blotln relationship support this contention. 
Utilizing radioaoti"?^© bio tin, the authors have sho-sm that 
th% mmtim i* pmetloally co^ltts wltii t»i|" dli-
soclation ooeurring. In this ln"?estlgation a suffloiently 
tmg wm allo^fed for th© avidin to rea^t with th# 
cellular blotin. The use of lysed cells rather than whol# 
cells eliminatei errors which laay arise due to periaeability 
fs@tori and the resulting binding tf ®»lf froportiofi &f 
Ihi blotin present in the cells. 
Siotla. mi$M in tli« baittrial tell la b@th cabined 
and ,frte f@» m- thown by nicrobiologioal asiliy of hydro* 
lytsA and tmhydrolysti material, fh# possibility exists 
thai. ©rtiT't© in thi fixation of tloxidi 
biotin must be present la some combined form* ®r^ If thli 
mw% 'ltow»r#r, it *«ttM »®l «h« taiiiity of the 
saperiments, Avidin 1® capable of reacting with certain 
oofflblned foriii «f biotin, Wright, Oresson, Skeggs, Wood, 
Wmk:f. Wolf, and |iiSO| Mv# nkmrn ttet biotytin,. 
m naturally occurring complex of biotin|f combines riatily 
with atiila*. flaflg and (1961) hat'« »h&m that 
reacts with several fi&.mi of soluble M®t4i 
It fafti further been shoMi that isertain biotln 
wsilsblt t® I^QtobacillttB. ar# utlHsnbl# %f MiSir 
iMAlteffi, o»lr «poa fwpthw l^drolrii«» th# 
im #f |^©wth fw 
sltlwr tf tk# organlsmti Illustrating that #V#a fht ii©iibltt«4 
f#«i« @f Mefla'ar# by avidln, if thty ar# prt»eiit. 
Blawi.ter'4,, .ji tib U950) to?# indlcat'ti that in 
arabinoaus biotin functions ia m indirect iiannsr in r#la» 
ti©ii It tfc# J# 'lii# ^tmyn® rev©!**^ 
ibli- iecarboxylates malic acid to form pyruvic acid ant 
©arbsa dioxide. In boiled extracts of normal lifiJf ©r 
purifltd liver enzjm^, rtaetlmtl^n @f tfe# ii not 
brought about by the addition of biotin, iuggeeting that 
Motla d#«i a'§t directly. If % i,i 
growa m a mediusi euppl«iented with sialic acid, thi ««llfi 
.fatalyt® fht above -j^t-tction tigorously. 'fhii attlvity !• 
d«cr«a««d la o*lli. fhi tlFftet addition 
of biotln dots jiitt reactivate the gystett* k slo^ reactlva-*' 
tlM, #f »alie ailfi tliiimtlation occurs la fm& wii»a 
biotin ii addtd together with a iwall aiaount ®f 
«#dlutt itntaining glucose, m th© bauls of such »^«ria«fiti, 
th« authoM oon@l«d«t tfekat biotin li. m% ia©@ft®»ltd. Into a 
fr®Sthetio group required by the aallc acid diifl»ttl&ti«3>n 
tfstm, latte, th^ tfcat bl®l,to at a 
^10?~ 
nor# teiie I'iftI tliat it m&f fe® a ©e^satat ©f fb# 
pi»@stii#ti0 ©f All mzfm^ -sfstim wfelffe iynthtiiitt 
%mm' .gr®«pi m- apoenifB«i, #jr tfast it is ^ 
volT«a in .•«« M%hm' way la th@ ayntfetsis of gromfi, 
An iM&iwmt .»@tt of m&tim &t & iiaiMr type 
been proposed by Christsaa nat Williaai (195S| i#aoi«iiii§ 
the relationship of biotia mii aspartio acid dtwiaas®, 
fb« possibilitr that biotia mmy fiastioa ilk & 
parablt indirect manner in the Wood-Werka»i reaction ii 
lmi*ply ruled out m th« bafia #f with biotia^' 
deficient tells and cells grown ia the presence of niirMkl 
f 
amounts of biotin, fh® possibility that biotin asy b« 
itt thf fyttth«i4« of @»lw#ti© d®<iapb©«yla«t i® 
tlia„inat«i M%Mm fht %m type# tf e«lli $hm m diff«r#n#ti 
l» ability m th# aoli, fh# ntlli grown with 
ftBly Biamts aaounta @f biotin «3ihlblt full ability to d®-^ 
omrtooxylatt @»laietic acid although tht -fwo tfpm of tflli 
to show dtfiait# diffirences, suoh ms thf total mmmnt of 
©ellnlaif growth. This ©ridenoe indicates biotin dOf« not 
fmsetion in th® syntfetsis .of th« «»tya©, Ifet po«iibility 
t^t i«ll aaounti of biotin pr«@«Rt mf b» suffloltnt to 
aoootmt for fntyat iynthesigtd seta® mtwrnAf doubtful in 
wlm of #tht#i»' ippariii l» th® tellf.* 
fht oelli exhibit great differencei in their ability 
to ftatftlrsi thf fiwtioa liot-iii«t«fi§i«»t oells 
"••1.03*" 
&m %& fix carbon dioxide in oxalacetio Wit @1* t@ 
mm. aoid, Th© addition of bio tin, mm in. & flidyt 
t,i*«.#2^#rl®tnt, result® la actlTation tf tfeig 
Thii is characteristic tf a direct type action, t@ bt 
if bloltm mi * 
The preparations employed are not fixing carbon dioxide 
by r#Attoti¥® pyruvic acid to mm »ali# 
&@4d m imgftiftd by Ochon tm :tyit@«:S. fli® prtpa-^ 
rati«8 sh#w#i a# *malic enzyme" activity, ffa® prtswa# tf 
tW* «a*y»,« in 1, b®* thtim i» f^mg 
©ells, itni. only la small qmantity. It 
m'bmt 12 h&mts aat coapl®t#ly absent afttr 24 hoars. Iclaati-
fltsil hsi &l«o gkmm thai, thi wlii utid^triph&sphopyridia® 
ttucleotid# syst®i i##i not aowaally la l.yg«K 
dQlltlema.. fcpleylaf lyttl imspensions sat @«ll-fr@# 
•aEt»f%f of the organism, the author carried out a «»ber @# 
fj^eriatntf mtilizlttf isotople s»rb@n. No ^idene® 
*ai fowid which iii4i@ftt.«d th«t mnf ttit r#sctt#s other than 
the ©lalfecetic carboxylase mmsttm. e@#w?red* 
It hm bi-iii shews that s-tllf gro* m ft «tdi« dtfi^ 
cient tl^ biotin fall to synthesize aspartic acid when 
incubated with pyruvic acid and carbon dioxide. This 
dtfieiency le overcome by tht @f blotio.. fh# 
resulti «f time i3Eperliaeata, «hfir«l» the mmnt of Mpartic 
afid #»»##. 18. pltttted agaiutt tim®,^ ihcweA & eiirv® ^ich 
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l*@ie iwi«€SAtely tQjoii tlit addltloa ®f biftiii* ii 
attltlonal ©vldenoe for a ooenEyme form ©f motion. If 
til® fitattia funotiontd te m »«»», i«@& it 
w©iilt fe# doing if it m« involved in oatalyzinf tli© g|rnthe-
sli ©f a thm ,a lag period ©f t@iifid«ra'tel« 
duration oottld fe# tai^aeoted before aspartio aoid would b# 
formed. Such a Isf period, for example, has "btin fowd by 
WXsmkm^f A |lti§| to b# required for iyatliitls #f th« 
*malia •myat*. 
fh# f»0t %hm% m: l&t period tmiifi also iuggeift. tli^t 
biotin fonotions as such rather than la a oombined fowi. 
It would be likely that tven for the format ion of a ^loiabined 
for® if th®' fitwim m ti»«" interrftl tf g«t length would b@ 
rtfulrtd. ffetls#. how«ir«r, a#«i not ii«,#.s@arily be true m 
ritpld •yathfit,* mi. #o#ii,g|-®f® h&f b«m t«on«tratet ia s#rt«in 
••ss®#8, Hughts mi. Williaiison (1949) showed thst .ni^otini® 
##lls of J|, arabineamM f0rii oogywmit- rapidly 
wli#a aicotinie acid is added to the .frit'#®! IO'ir#lli mi, 
Lipiaann (1947) noted that an iramediate synth«gii #f ©otmyae 
A resulttd aeit ma atiit to grflittug 
morganii deficient in this vitamin, Ibi© hjrpothesis has »#t 
b#in t#sttt biotia .and p@g»ibl® oombintd fowi 
#f thf i^ltamin 
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fk« ®ppar«nt lack »f « direct relationship fe«twe» 
^iotia aaS purlfitA taiAottle dtcsarbosylais fmm. 
a#iktisiii uppeayi I# fe® 1r oostrasi I© oharaeteristics 
for®#yly attributtA t© this mzyms. Earlier work indicated 
aa MtiTation by M«ti» »f tiiif ia, othtr 
It Slf 0lal®td a liT^ tsipii dtearbexylatiag 
#xala#etio aoit tt bt la bittia-d#fiei«t %ai»l:®yi. 
ant Uiabreit Clf47a) tlial tfei rtis^td 
ability of phosphate inactivated Eg.«i.titriQtei& eell tf 
©arbQxylut# wit b# »st$r#i th# 
addititft %t bieliJi... I0t ftlX wideuee ia 'thii 'work t«en-^ 
gtrattf s& mMMmtim Ikt iritaistii/ m&. this wiiys®. • 
II *a sMmm tlal bio tin does not stimulate thi dtsarb^x-
yiation #f oxalaeetio @oid, that it d^ss »st 
iyatlitfii @f ttsf ^mfm^g m& ll»:| no corr®latl#w 
b#twt#ii bio tin content ana purity. Tfeli lack of & 
iefliiit# relatitniliip' |g glmilar to refialti fowd fm 
deearboxylast present in other tstir##*., fhm«, 
?«iiaeilapA, il# (1949). with parilty root, Flaat asd 
lisrdy Cli4i) with A.20.t0ba.ct.fer fiatl^aii&ii.^ mA mM. 
el*. (1950) with M crystalline globulin preparation fmm §md§ 
gttQarteiim Baao; .e.#ia,ld fwftstrate no wtivatiott by biotlu. 
It i»i hmm mmlusirely shown thai feiotim 
la %M of pyruvic aoid to fom ©mliifttie 
aold. It has %««» «h«tt tha eaija# ia thli 
reaetloa &!.## mmm dfeartooxylatloa ©r the rtTeri# #f 
fixation, fhii m« firif iatieat®t hf Wtmpltz »»t 
I194X) and Krampitz, it (194S) tm the system foattt in 
E* lyi;0A6ikticua. Srans, et (1943) htlieved th® saai 
t© "ht trmt for a cruAt ;fi»©» plfeeB 
livtr, itthsequent mrls. ooaoerning tht system ha® tm# 
m. the a»«mftiifi tht *«ii# mwm% fimtim 
of earbon dioxide mi well m ^xalaoetio ft®It t@©mj?h@3S7l»»» 
tion. fit, th« fttrifitd tasya# trm l. iars#d-®lk;tiQma failed 
t© fix sarhon tl©xid# Int.© At it, 
fht laahillty #f th® purified to carry mt thf 
f©ot-Wtrta&a siHitr' miea.®,; with hlotim., with 
atsaosinetriphosphats, &r tooth, if surprising. Sertral 
t^laaati»tti tm this Isttk @f action my t©iiaid«r®d:, 
f,irst., th# «apXor«t ia pmrifie^tioh ©f th# tnay».# 
ttay fmwm wmmm •ttential factors whith a©t Atd«t 
la#k. In wim tht fa«t: Wm$ tali- ^io'tim aat &t#B#.tift#-
triph@8pha.tt Iplnti: mngmms i@mi whith wsr® aM«i ia all 
rn'mm) prt^iouslf %#«n iai^Xifattd 1« the fixmtios of 
§srb@a di©3iii'f., this ••#«»« iialiktly, at thorn# ••till a 
possibility. 
•im-
loMartiis (ISil) wai m% tMt 
attfst©iinetrlphosptott lafluenoes fixatltw In 1. Im:^ 
deiktiama^ It Me, fetea. al.a#t to the sfstm 
Mtm$ it li f®r the functioning &t th® tnssfat 
f©ttaa in otheF «f«fii». Wttr a»d *#Qd Cl§46) dtii@iiiti»at®t 
it® aetioa in 6ats.lfgii, &t .fixation % pigsen. liftF 
twmts* f iaii«ilaa€.| §1^, (1947) partialli- pmrifi.@t th# 
tnzyat fr®« pif#©ii li^tr and t^t atenoeinttyi-
ptesphate sti«l*t«fi mrhon 4i#i:li« fi»ti@® aa€., in. 
®Miti©ii» iiihil>it#i th® dttayfeQxylstisii §t ©xal®0«ti@ mi&., 
Im th® @«ftp kmmmt ©f & purified tmiya# f3r#« pmrfiitj 
r©©t, ?«an»fXmiia, 0, (1949) aid met fiftd timt adtnesin®-
t3Piph0®phst# stiwlated fixation, 
l,i&@*ist, til® pdssiteiiilr .txistt that the fimtieii 
itm®tim mw te« »©ri @@apl« tMa th# dif«@t e«rl>©^l.ati®n 
•tf pi'pairie .a®i.d le for® &»taeetic a«.id, footj. .1^ <1942) 
gtiggfsttd ttet a pMsphorylated f§.w &i ppmviQ aeit, .,ntth.@r 
tlian th# aeid ititlf| say fe# thi astiff a#tate©lie ompQWiA 
iavslirsd* If this w«r« trm., if s@«» #tli«r iateafwediat© 
w'trt the ppttai'S©!' ©f mrnlmetM m§id, it apptars p©i«ifei# 
that ptti»ifi«d a#tmip^©%ylasf ni^it a©! Ife# atele to mteil^ze 
the rf®0tion i« ii©rt %Mm ©a# direotien of the laek 
©f a ©oapXtt# #Eg|Ttt-f gyitts. 
Sw|jp.©ft th# r«sti©n is r^pifsnted ®i f©ll©-»fit 
(a) i h )  
pfrmifs atid 5?=^ intemsdiatf »X*©Mlseeiis aoid. 
^lOS-
Itt til# purifloation the enzyme catalyzing (%) |»i 1j«®K 
r#t»ilitt| femi the tmpae responelble for (a) hai %%m lost* 
thig is trut, «o iat»i*®€iatt If f#»#4| th,«ri-
for®, H# compound is available for carboxylation. 
iyst«.^. Ih^tforty only to tht- isft# fht 
Ao-m of compound tm form. pyruTi© &@ift mist b« ®t»,git«r«4 
to occur spontaneously, This does not isfii unlikely ilnoe, 
withomt «i. $mm^ prtsent, o»l&@#tie aelt 
rapidly to form pyruvic acid. 
fhe failure to fix wboi dioasM©' alglil •.!»© %• «ltrib» 
at«4 to th# removal during ptirificfttlon of •f.irtain ooiipllnt 
«iiEy»tf which were present in the crude extracts pigeon 
liver and g. Iyi,0:d«,iktis^s.. feiiibly s,m«sh a fO'iipling fiyiten 
m a tr&niiLaiinafe is missini. The coupling i^t«®tio* my be 
iimmmwf I® «ttppir th# energy- f#r the #nd@r^ais ftation 
of carbon dioxide with pyruvlii acid. 
Sesults obtained with enzjmei fro® other mmmm pr®-' 
vide fvidenoe m. both »iMm if the probl*. tiiai radio­
active bicarbonate in the exchange reaction with oxalncetlf 
acid|,. Plamt ant lArty fli4t| were un&ble to ahm mf txchteg# 
with the purified enayiae from A, yinelandij. I© 
was observed when additions of adenosinetriphosphate, pho#*-
pl»t#, pyrmvii mM, @r fiwarie a«it| tithtr al#«# #r' l» 
combination> wtrt made. Yennesland, however 
obtainti. tli« ©fpoiile riittlt with the pariley ro#t eni;y»®. 
Smrr^tof out »aotioas la tk® §«« ttos mwtbori w»rt 
all® t© iiaonstrate fixation of oarfeos dl@xid® into ©lal-
mslA. f&#tf IMitat# thm tfet 
pai»«li|' jf#@t §f&%m mi not very pure,' aai t'iitts, 
llktliliooi M a fyi;l«a fe^sittg pt'tiiiil li grtntsr. 
i# ^ttitioai t# tfr# «yst#» mw% mm-mMAtf .la o.rtti» timt 
fixatlefl fcft .g&3P3E»ita out, Sit preparation •&%»& mm»-
taiii«i iuili moti'Tlti#® m m%M t«liytr@iti»:f», omlamtiai® 
mrhmyl&Be aat isocitric dLehj&mgmmm* 
fm wtlfiit of immmtm tl»t 
-i@©mni0:3s|"l&is ii either not the enzyme mediating flmtion 
of -sarfeon 'dioxide tr i» only part of m tngyst »yit« 
inirolftd.. 'Bi# Isttir li Mr# liktly, 
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1. l,yge,a®.itet.iQttJ. li W ^h9 
addition of biotin tt ttet medim* fhe or^nlsn will produce 
©nil' s«s»tr .ffewth on a a0dium c#»t«inlng w biotin, flit 
iaclttsion Mpartio mi^ oleic acids in medit*® eliini-
ii&t«i tk® ii:®«d tm-
g. prevents the fixation ©f ©arboft disiM# Ijit® 
©mlscetio a,® Id by lya #d c#ll« of g. by bladlag 
bt'Ctln pr#f#iit in Ihi ©fllular- Sat addition ©f 
biotin t© compensate for that inactivated by tiif avidin 
rtfidts in. a rtaetlvA*i@» #f tht ytftgettae^ni 
Ivaodeiktious. grown on a aediu® deficient in blotltt, will 
not fix carbon dioxide or syntheelz® aapartic mcldt deft* 
ci«cit:« '-Aish mm mmmrn^ by tfe# adiitisii tf bioftn, 
t^onitrat® tfe.« involveatat ©f biotin ia 
til# f@#d«»Wirtoaii rt&stloa, 
3. lack ©f a lag period in the synthesli ©f 
agp&fllc acid tfhen biotin Is added t© deficient cilia 
tlmt blotim functions to m di3?©«t mmmr 
cli&»ctfr|Btic of a coenzyme. 
4. decafboxylasi !»« b#«» @btmln;®d 
lysodeiktious in partially pwifled form. Si# tasyae 
rapidly deoarboxylates #»lacetlc acid with only mB,pinei® 
i. Bio tin is m% IwtlTtd la sfath$ili ©f ®»1» 
a.0@tio Sdoarfeoxfla®#,* file •Itaiila !»• fitrftet eeiwieotlon 
wltfe tbii tttfi*#,, ntlthtr itisilattef a@F i»'lilteltlag Itot 
iitaip'ljtxfli^tion :&f Qxalaoetlo acid, 
#. will a,#t fix 
§mh0M tl©xM# into oxalacetio. ,a@M frflii In tM« pm§$»QB Qf 
atiatslnetriphosphate,,. «r A eombinatioa tf tkt tw^,. 
fh# tliat ®mlA#®tio l« 
©Ely part ;@f m sygt« carrying out the Illation ©f 9.ai»fe@a 
tlTSRWrni UlfEP 
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